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Another Birthday ... 


*. What kind of article do you find most helpful? Most 
interesting? What topics do you suggest for future 
articles? What authors? 

With this issue the Science Counselor begins its fifth « 


year. 
How long has it been since you published a paper? 


Which accounts in part for its new dress. 
How do you like it? We retain the academic color of 
science. 


You haven’t written us lately. You haven't told us 
what you like, and, more important, what you don’t like 
about us. We want your opinion, whether good or bad, 
for it is only through the advice and direction of our 
readers that the Science Counselor can be made to ap- 
proach more nearly what it should be in order to ac 
complish its purpose. 


How long since you encouraged someone else to write 
one? When shall we receive that story of your own 
experiences that you have wanted so long to write, but 
cannot find the time? Remember, each needs the help of 
others. Wouldn’t you like to join the group of distin- 
guished writers whose articles have appeared in this 
journal? 


Our June issue will be a special textbook and appa- 
ratus number, the first of its kind. Probably it will be- 
come an annual feature. We hope you will like it. 
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IHinium. — Element Number 6! 


@ By Laurence L. Quill, Ph. D. (University of llinois) 


DEPARTMENT OF CHEMISTRY, OHIO STATE 


UNIVERSITY 


Addendum. by B.S. Hopkins. Ph. BD. (Johns Hopkins University) 


DEPARTMENT OF CHEMISTRY, UNIVERSITY 


The element illintum, named for the state and 
the university in which the research leading 
to its detection was carried out, was discovered, 
in 1926, by three American chemists. One of the 
discoverers is Professor B,. S. Hopkins. At our 
request he kindly arranged for the publication of 
this article, most of which appeared in Volume 
NIII, No. 1, of the “Register” of Phi Lambda 
Upsilon. 


Dr, Quill’s excellent summary of the status of 
the work on this new element has been broug! 
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their positions in the table should be interchanged. 
Moseley’s work cleared away this anomaly. 

Further, Moseley showed that there is a definite re- 
lation between the frequency of any line in the X-ray 
spectrum of any element and its atomic number, the 
relation being given by the simple expression v—A 
(N—b)- where A and b are constants and N is the 
atomic number. His work showed that certain properties 
of an element and its atomic number are determined as 
a continuous function of its nuclear charge, as con 
trasted with the periodic functions owing to the re 
currence of chemical properties as commonly used in 


classifying the elements, thus broadening and simy 


fying the application f the permdic law. Furthe: 
fron \ ray spectrun lata extict 
ale ents are at tt he fre 
f the X acliat wa 
| 
| 
per? 
| 
j 
( 
I \ ( 
} 
3 
\ ‘ 
j 


4 
} 
\ 
‘ 
\ 
\ 
‘NEOHENDRED AND 
¥ 


for MARCH, 1939 


Does Laboratory Physies 
Develop the Scientific Attitude? 


@ By Karli F. Oerlein, Ph. D.. (University of Pennsylvania) 


HEAD, DEPARTMENT OF SCIENCE, STATE TEACHERS COLLEGE, CALIFORNIA, PENNSYLVANIA 


Can the social, political, and economic difficul- 
ties of our times best be solved through the use 
of the scientific method? If so, who will do it? 
Is the scientific method really being acquired by 
our students? If not, why not? 


Are you giving enough thought to laboratory 
procedures in physics? Are you reasonably sure 
that you are accomplishing what you want to 
achieve? 

What this wide awake teacher savas ahout 
teachina colle oe ph appli equally well fo 
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business man. We must teach them so effectively that 
they continue long after many of the details of the 
course have faded from mind. 

Certainly, among the many basic outcomes for which 
the study of physics is strategically suited are the de- 
velopment of the scientific attitude and the habit of 
attacking problems scientifically. 

I think all of us will agree that probably the most 
important single contribution which the study of 
physics can make to an individual's development, more 
especially that of the non-science student, is to attain 
the scientific attitude to such a degree that it will con- 
tinue to control conduct throughout life. This point is, 
1 helieve. important. Haven't we often heard the ad- 
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How do you like it? We retain the academic color of 
science. 
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what you like, and, more important, what you don’t like 
ibout us. We want your opinion, whether good or bad, 
for it is only through the advice and direction of our 
readers that the Science Counselor can be made to ap 
proach more nearly what it should be in order to ac 
complish its purpose. 


What kind of article do you find most helpful? Most 
interesting? What topics do you suggest for future 
articles? What authors? 


How long has it been since you published a paper? 
How long since you encouraged someone else to write 
one? When shall we receive that story of your own 
experiences that you have wanted so long to write, but 
cannot find the time? Remember, each needs the help of 
others. Wouldn’t you like to join the group of distin- 
guished writers whose articles have appeared in this 
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Hlinium. — Klement Number 6I 


@ By Laurence L. Quill, Ph. DB. (University of Illinois) 


THE SCIENCE COUNSELOR 


DEPARTMENT OF CHEMISTRY, OHIO STATE UNIVERSITY 


Addendum, by B.S. Hopkins. Ph. BD. (Johns Hopkins University) 


DEPARTMENT OF CHEMISTRY, UNIVERSITY 


The element illinium, named for the state and 
the university in which the research leading 
to its detection was carried out, was discovered, 
in 1926, by three American chemists. One of the 
discoverers is Professor B. S. Hopkins. At our 
request he kindly arranged for the publication of 
this article, most of which appeared in Volume 
NIII, No. 1, of the “Register” of Phi Lambda 
Upsilon. 


Dr. Quill’s excellent summary of the status of 
the work on this new element has been brought 
up to date by the addition of several paragraphs 
written by Professor Hopkins. 


It is with much pleasure that we present this 


article to our readers. 


The discovery of the element illinium, or element 61, 
“arly in 1926 by the American chemists Harris, Hop- 
kins and Yntema (1) brings the number of elements 
discovered within the past five years to four, and brings 
the list of elements presumed to exist, in accordance 
with our present knowledge, more nearly to completion. 
Each element discovered is another step in the de- 
velopment of the Periodic System, and in the confirma- 
tion of theories advanced as to the possible existence 
of certain elements. Ever since Mendeléeff submitted 
his periodic table, with its many vacancies and his 
predictions relative to certain of the missing elements, 
numerous researches have been conducted and many 
theories have been advanced tending to develop a bet- 
ter classification of the chemical elements. 

In the building up of the table of elements, over half 
a century of work evolved a generalization, which, at 
best, only closely approximated an exact system. The 
primary defect was in the assumption that the atomic 
weight was fundamental whereas, with Moseley’s work, 
which was based on the nuclear theory of the atom, 
it was pointed out that it is the atomic number of an 
element and not the atomic weight which is funda- 
mental. The atomic number of an element.is the ordinal 
number, beginning with hydrogen as unity, of the ele- 
ments arranged in order of the number of excess posi- 
tive charges in the nucleus. Moseley’s work solved the 
difficulty in connection with the arrangement of cer- 
tain pairs of elements in the periodic table. For 
example, laborious research had been carried on for 
years on tellurium and iodine on the supposition that 


the accepted atomic weights were inaccurate, and that 
the properties of this pair of elements demanded that 
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their positions in the table should be interchanged. 
Moseley’s work cleared away this anomaly. 

Further, Moseley showed that there is a definite re- 
lation between the frequency of any line in the X-ray 
spectrum of any element and its atomic number, the 
relation being given by the simple expression v=A 
(N—b)* where A and b are constants and N is the 
atomic number. His work showed that certain properties 
of an element and its atomic number are determined as 
a continuous function of its nuclear charge, as con- 
trasted with the periodic functions owing to the re- 
currence of chemical properties as commonly used in 
classifying the elements, thus broadening and simpli- 
fying the application of the periodic law. Further, 
from X-ray spectrum data it is possible to predict which 
elements are still missing by plotting the frequency 
of the X radiation against the atomic number and ob- 
serving where the gaps in the resulting curve occur. 
It is also possible to estimate the X-ray spectrum of 
a missing element, a fact of great importance when 
searching for an element. The work by Moseley has 
given the scientist, who has always used the periodic 
law as a guide when searching for a missing member 
of the atomic series, an additional and more positive 
means for the identification of new elements. 

It may be of interest to mention, in passing, those 
elements which were still undiscovered at the time of 
Moseley’s work in 19153 and 1914. There were seven 
gaps in the list of elements, as follows: 43 and 75, 
analogues of manganese; 61, a rare earth element; 85, 
a halogen; 87, an alkali metal; and an element 91. 
Moseley assumed that celtium, a member of the rare 
earth series, for which Urbain claims the discovery, 
filled the space assigned to element 72. Without going 
into the evidence concerning this element, the present 
view is to call number 72 hafnium, as discovered by 
Coster and Hevesy in 1923. It is not considered as a 
rare earth but as a homologue of titanium and zircon- 
ium. Number 91, a radioactive member of the actinium 
series, Was named protoactinium by Soddy, Hahn and 
Meitner in 1918. Mendeléeff’s eka-manganese (43) and 
dvi-manganese (75) were announced in 1925 by Nod- 
dack and Tacke and named masurium and rhenium re- 
spectively. Considerable work on these elements has also 
heen done by Druce and Loring, and Heyrovsky and 
Dolejsek. 

The most recently discovered element is the one of 
atomic number 61, which has been named illinium after 
the state and university in which the research leading 
to its identification was carried out. The announcement 
of its detection was first made in March, 1926, by 


Continued on Page Fifteen 


| 
. 
‘ 


for MARCH, 1939 


Does Laboratory Physies 
Develop the Scientific Attitude? 


@® By Karl F. Oerlein, Ph. D.. (University of Pennsylvania) 


HEAD, DEPARTMENT OF SCIENCE, STATE TEACHERS COLLEGE, CALIFORNIA, PENNSYLVANIA 


Can the social, political, and economic difficul- 
ties of our times best be solved through the use 
of the scientific method? If so, who will do it? 
Is the scientific method really being acquired by 
our students? If not, why not? 


Are you giving enough thought to laboratory 
procedures in physics? Are you reasonably sure 
that you are accomplishing what you want to 
achieve? 

What this wide awake teacher says about 
teaching college physics applies equally well to 
the high school. 

This paper was read at the Conference of 
Physics Teachers of Western Pennsylvania, held 
at Duquesne University on November 19, 19388. 


There is an increasing tendency to present our tradi- 
tional first course in physics with the non-science major 
students in mind. For this group we should be able to 
justify the effort and time spent on the course. And I 
believe we can. 

That physics is essential for certain professional 
groups such as engineers, physicians, dentists, optom- 
etrists, and pharmacists is, of course, true beyond the 
shadow of doubt. But most of us instructors of the sub- 
ject have always felt that physics has considerable to 
offer to the non-science group as well. We advocate it 
for them because we believe that a systematic exposure 
to the course will develop among other things better 
methods of reasoning, more effective handling of data, 
and increased ability to draw justifiable conclusions 
from such data. In short, we believe that the scientific 
attitude, and the scientific method of attacking the 
problems of life will most naturally be acquired by our 
students as a result of their contact with the subject. 

By the very nature of its objective subject matter 
and its rigid experimental methods and procedures, 
physics is unique among subjects in its ability to afford 
students an opportunity to use the scientific method. 
And it is precisely the acquisition of these larger, more 
intangible outcomes, rather than the specific, more 
minute details of the course which will justify our 
faith in the value of a study of physics for the non- 
science college group. 

Saying it in another way. If we wish to extend the 
study of physics to include the non-science majors, we 
must enlarge the aims of the course beyond the mere 
acquisition of subject matter. We must include those 
attitudes, realizations and mental habits that are 
socially useful to the lawyer, the minister, and the 


business man. We must teach them so effectively that 
they continue long after many of the details of the 
course have faded from mind. 

Certainly, among the many basic outcomes for which 
the study of physics is strategically suited are the de- 
velopment of the scientific attitude and the habit of 
attacking problems scientifically. 

I think all of us will agree that probably the most 
important single contribution which the study of 
physies can make to an individual’s development, more 
especially that of the non-science student, is to attain 
the scientific attitude to such a degree that it will con- 
tinue to control conduct throughout life. This point is, 
I believe, important. Haven’t we often heard the ad- 
monition that a great many of the social, economic and 
political difficulties of our times are due to a lack of the 
proper approach to the solution of the problems in- 
volved? That if these problems were solved by the sci- 
entific method instead of by passion, tradition or cus- 
tom, the millennium would be here? By continuing this 
line of reasoning, as a group of roguish physicists we 
might conspire to show that the cause for the chaotic 
and unsolved condition of our problems today is that 
our leaders failed to take the physics course in college! 

The humorous absurdity of this conclusion points 
immediately to the faultiness of the reasoning. Is the 
scientific method being acquired in our physical labora- 
tories to any appreciable extent? Bear in mind that I 
am thinking primarily in terms of the values of the 
course for the non-science major group. Do these stu- 
dents acquire the method as a result of the laboratory 
practices that are generally commen? Is it true that by 
virtue of having gone through the motions of a formal 
experiment students will acquire the method? 

Some time ago I had the opportunity to examine 
nearly a hundred physics laboratory manuals. Approxi- 
mately, a fourth of them were published ones. The 
others were of the “home made” variety. These manuals 
came from institutions representing virtually all sec- 
tions of the country. Together they contained nearly 
4,000 experiments. They were so surprisingly similar 
in make-up that they could easily have been written by 
a few individuals. 

The experiments in these manuals were characterized 
by the similarity in the minuteness with which the 
manipulation of the apparatus was detailed. Blank 
tables were already carefully ruled up and specifically 
labeled. The apparatus to be used for each experiment 
was listed down to the last pin. The computations to 
be made were nearly always specifically stated. In many 
cases even the conclusion could be completed by supply- 
ing a few words here and there in the blank spaces 
of an incompleted statement. Of course, the per cent 

Continued on Page Nineteen 
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Niagara Frontier 


@ By Irving G. Reimann 
CURATOR OF GEOLOGY, BUFFALO MUSEUM OF 


This is an out-of-the-ordinary account of life 
as it once existed along the Niagara Frontier. 


Not everyone can interpret the geological ree- 
ords of past ages. Few who can read the records 
are able to write about them in as fascinating a 
manner as does Mr. Reimann. 


Here he discusses the geological background of 
Western New York State, its stratigraphy and 
physiography, and, incidentally, the origin of Ni- 
agara Falls. His account of the fossils character- 
istic of the region will interest, inform, and stim- 
ulate you. 


Don’t miss this article. 


Let us look back some 300,000,000 years. Can this be 
the continent of North America? There are mountains 
in the wrong places! And there are no mountains where 
mountains should be! No Rockies! No Appalachians! 
Instead there are mountains in eastern Canada and on 
what we are accustomed to consider our Atlantic Coastal 
Plain. More astonishing are the stretches of oceanic 
waters, reaching in from the Atlantic, the Pacific, the 
Arctic, and the Gulf of Mexico, and spreading them- 
selves in the continental interior. 

This is the picture of our geography in Devonian 
times. In the preceding period, the Silurian, the scene 
differed principally in detail. These changes are record- 
ed by the present distribution of the sedimentary rocks, 
eloquent records of ancient geography. Where the old 
sediments were the thickest the earth’s crust was struc- 
turally weak, and the rocks were later folded or broken 
to form some of our most important mountains—such 
as the Appalachians, the Rockies, and the Ozarks. 

The fossils of marine creatures, former inhabitants 
of the old inland seas, are spread from coast to coast. 
The careful study of their distribution, both geographic 
and stratigraphic, has resulted not only in fairly accu- 
rate knowledge of their migrations, and hence the 
passageways of the inland seas, but has also enabled 
geologists to divide rock strata into separate groups 
according to their relative ages. These groups are char- 
acterized by the similarity or identity of the animals 
or plants which lived during the time of deposition of 
the rocks, and whose remains are entombed in them 
as fossils. 

The rocks of the Niagara Frontier belong to three 
geological periods: the Ordovician, the Silurian, and 
the Devonian. These rocks appear at the earth’s surface 
in an east-west belt, the oldest appearing at the north 
and the youngest at the south. This relationship is due 
to the southward dip or inclination of the strata which 
carries any outcropping stratum beneath the surface as 
it is traced southward. 

Of the Ordovician rocks, only the uppermost barren 
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red beds are found on the Frontier. They occur in a 
strip between Lake Ontario and the northward-facing 
Niagara escarpment. Southward, as far as Buffalo, 
Silurian rocks outcrop, and from Buffalo to the Penn- 
sylvania state line rocks of Devonian age are found. 
Younger strata are entirely absent in the Niagara 
Frontier. 

This is interpreted to indicate that after the close of 
the Devonian Period, there was no further deposition 
in western New York. Instead, from that time until the 
appearance of the Great Glacier, erosion by wind, rain 
and streams held sway, removing an undetermined 
amount of rock, perhaps two thousand feet in thickness. 
While this was going on, other parts of the continent 
were raised into mountains and again worn down, in- 
land seas spread their waters widely and disappeared, 
the tribe of dinosaurs arose and became extinct, and 
reptiles, birds, and mammals appeared. 

Whatever evidence the life of those periods may have 
left in this region vanished beneath the grinding ice 
sheets which pushed their irresistible way down from 
the north. Some forms became extinct, others merely 
retreated to the south and slowly repopulated the barren 
land as the glacier disappeared. 

Both in its advance and its retreat, the glacier 
wrought profound changes in the lands over which it 
moved. In its advance it removed the debris of millions 
of years of weathering, gouged and scoured the solid 
rock beneath, and carried away the detritus, frozen into 
itself. In its retreat it dumped its cargo of boulders, 
sand, and clay, sometimes to form great festooned 
heaps where the glacial front would remain stationary 
for awhile, and sometimes a more or less uniform scat- 
tering of boulder clay over wide areas. 

Many temporary lakes and rivers came into existence 
at this time, only to disappear as ice dams would melt, 
or as dams of glacial deposits (moraines) were cut 
through. Other changes were more profound. The Great 
Lakes owe their origin to the effects of the glacier. 


RESTORATION OF THE Devontan Terrisce Fisun (Dinichthys mag 
nificus), Bennett Alcove of Geology, Hall of the Niagara Frontier. 
Buffalo Museum of Science. 
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Urrer Siturian Grour, Bennett Alcove of Geology, 
Hall of the Niagara Frontier, Buffalo Museum of Science. 


Their history is complicated. It involves glacial erosion 
and damming, as well as land uplift and depression. 

One of the glacier’s most noted children is the Falls 
of Niagara. The tremendous weight of glacial ice two 
or more miles in thickness, applied to the land for per- 
haps several hundred thousand years, caused a sinking 
of that part of the continent covered by the ice. A re- 
sult, still in evidence because the land is yet in the 
process of recovering its lost altitude, is a reversal of 
the direction of the normal Great Lakes area drainage. 
In preglacial times the drainage was through the Miss/s 
sippi. Now, on its way to the St. Lawrence, the water 
from the upper four Great Lakes, save for some loss 
through the Chicago drainage canal, pours through the 
Niagara River, spilling over the resistant stratum of 
Lockport dolomite to form Niagara Falls. 

The Falls began when the ice melted back far enough 
to permit them to spill over the lip of the Niagara 
Iscarpment. Since that time they have worn their way 
back to the present city of Niagara Falls, a distance 
of seven miles, leaving an imposing canyon. Geologists 
have estimated that it has taken the Falls 15,000 to 
20,000 years to reach its present position, and that, 
consequently, is the length of time that the Niagara 
Frontier has been free of glacial ice. 

Where post-glacial erosion or the works of men have 
stripped away the soil in the banks of streams or lakes, 
or in quarries, road cuts, and canals, the ancient rocks 
are exposed to view. Some of them hold little to attract 
attention; others bear fossils in varying degrees of 
abundance. For centuries fossils have stimulated the 
curiosity of man, and in the past they have been the 
innocent cause of many a heated controversy. To-day 
their origin is a matter of common knowledge. No one 
of sound judgment or of scientific standing questions 
the fact that they are the remains of once-living ani- 
mals or plants, buried in the rocks of the earth. Some- 
times their hard parts are preserved almost without 
change; again, many are replaced wholly or partly by 
minerals. Those which have been changed are some 
times referred to as petrifactions. 

There is a fascination in breaking open a rock and 
realizing that yours are the first human eyes to behold 
a creature, hidden for millions of years, which once 
lived in a sea at the spot where you now kneel. The 
spell is increased when with experienced eye you some- 


times realize that the creature before you is one hither- 
to unknown to human ken! Even in such well and long- 
studied rocks as those of New York State it is not an 
infrequent occurrence to find fossil creatures new to 
science. 

In the Niagara Gorge many of the strata are abun- 
dantly fossiliferous. Sandstones, limestones, and shales 
all yield fine specimens upon careful search and some- 
times only after hard work with hammer and cold 
chisel. The piles of weathered shale at the foot of 
cliffs offer easy collecting. Exposure to the weather 
sauses the shale to become soft and crumbly, and some- 
times clayey, and the fossils may be picked up loose. 
Sometimes, though, the fossils, too, have become crum- 
bly. Then the collector needs lacquer, or some other 
quick-drying, hardening fluid to soak into the fossil, and 
a box of cotton batting in which to lay the delicate 
treasures. 

Among the most common fossils are the brachiopods, 
sometimes called “lamp shells,” because of the resem- 
blance some of them bear to old Grecian oil lamps. 
They are bilaterally symmetrical bi-valved shells whose 
closest relatives are the worms, not as one would expect, 
the clams. The specimens from the shales are sometimes 
distorted or somewhat crushed, but patience and skill 
can persuade the limestone to yield exquisite specimens. 
The Medina sandstone, one of the oldest of the Niagara 
Gorge sediments, does not contain a large variety of 
brachiopods, but here and there it does contain great 
numbers of the brachiopods known as Lingula (the 
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oF Siturian Sea Bottom Group, Bennett Alcove 
of Geology, Hall of the Niagara Frontier, Buffalo Museum of Science. 
Left—crinoids (1); left and right foreground—trilobites (2); above 
right—straight shelled cephalopod eating a trilobite (3); center back- 
yround—curved cephalopod (4); lower margin and above large 
trilobite—brachiopods and two pastropods. 
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The Habits and Instinets of Ants 


@ By Reverend John A. Frisch, 8. J.. Ph. DB. (Johns Hopkins University) 


DEPARTMENT OF BIOLOGY, CANISIUS COLLEGE, BUFFALO, N. Y. 


This paper is the concluding part of Father 
Frisch's study of Ants, one of the most interest- 
ing and helpful series of articles we have been 
privileged to present. Our readers will regret 
that, for the present at least, the series must end, 


Mark Twain and Father Frisch do not agree 
entirely as to the ant’s psychical equipment. As 
an observer and interpreter, however, you will 
prefer the scientifically trained biologist to the 
man of letters. 


Do not fail to read this account of the instine- 
tive behavior of ants. 


PART Il 
PSYCHICAL EQUIPMENT OF ANTS 


Mark Twain (1880) has this to say about the ant: 


“During many summers now have I watched 
him, when I ought to have been in better business 
and I have not yet come across a living ant that 
seemed to have more sense than a dead one. I 
admit his industry of course; he is the hard:<st 
working creature in the world—when anybody is 
looking,—but his leather-headedness is the point 
I make against him. He goes out foraging, he 
makes a capture, and then what does he do? Go 
home? No,—he goes anywhere but home. He 
doesn’t know where home is. His home may be 
only three feet away,—no matter, he can’t find 
it. He makes his capture as I have said; it is 
generally something which can be of no sort of 
use to himself or to anybody else; it is usually 
seven times bigger than it ought to be; he hunts 
out the awkwardest place to take hold of it; he 
lifts it bodily up into the air by main force and 
starts not toward home, but in the opposite direc- 
tion; not calmly and wisely, but with a frantic 
haste which is wasteful of his strength; he 
fetches up against a pebble and instead of going 
around it he climbs over it backwards dragging 
his booty after him, tumbles down on the other 
side, jumps up in a passion, kicks the dust off his 
clothes, moistens his hands, grabs his property 
viciously, yanks it this way, then that, shoves 
it ahead of him a moment, turns tail and lugs it 
after him a moment, gets madder, then presently 
hoists it into the air and goes tearing away in 
an entirely new direction. Comes to a weed; it 
never occurs to him to go around it, he must 
climb it; and he does climb it, dragging his worth- 
less property to the top—which is as bright a 
thing to do as it would be for me to carry a sack 
of flour from Heidelburg to Paris by way of the 
Strasburg steeple. When he gets up there he 
finds that is not the place; takes a cursory glance 
at the scenery and either climbs down again or 
tumbles down, and starts off once more as usual 
in a new direction. At the end of half an hour 
he fetches up within six inches of the place he 
started from and lays down his burden.” 
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After continuing this charmingly aimless work for 
some time longer and meeting another ant and fighting 
him about nothing, “each starts off in a different direc- 
tion to see if he can’t find an old nail or something else 
that is heavy enough to afford entertainment and at the 
same time valueless enough to make an ant want to 
own it.” 

A group of ants attempting to drag home a dead 
insect, all apparently pulling in opposite directions, may 
seem even more ridiculous. But a little careful observa- 
tion of an ant community will convince us that Mark 
Twain’s account is slightly exaggerated. Ants may for 
a time work at cross purposes or pull in opposite direc- 
tions, but this is due to the intense initiative of the 
individual ants. Eventually, through a weakening or 
reversal of the activities of the contending parties, they 
achieve cooperation and attain their end. Nor are the 
activities of the individual ant aimless; they are guided 
by definite sensations. 


RECOGNITION OF FRIENDS AND FOES 


If I approached to within two feet of the observation 
nest, some of the foragers on the platform would raise 
their heads, open their mandibles and wave their anten- 
nae; an occasional individual would run about, ap- 
parently in search of the intruder. 

I placed several strange Carpenter ants into the pan 
of water under the platform supported on stilts. The 
ants became very excited. Numbers of them issued 
from the nest and ran about in all directions, apparently 
as mad as hatters. 

I placed a lady bug on the floor of the feed box of a 
closed nest, where it remained immobile. An ant, that 
was crawling on the glass of the ceiling of the feed 
box, descended quickly and, coming near the spot where 
the bug lay, made several savage lunges, snapping her 
mandibles shut, but in a direction opposite to that of the 
bug. Running about excitedly she twice passed over 
the bug. 

In all these instances the ants evidently did not see 
the intruder but perceived its presence by some other 
sense, probably olfactory. 

Sister ants which had crushed the abdomen of an 
enemy with their mandibles showed a marked tendency 
to attack one another, repeated taps of the antennae 
being required to show them their mistake. 

I placed a strange Carpenter ant on the platform. 
One of the soldiers crossed her path fully an inch and 
a half behind her, which is beyond the limit of her 
vision. As soon as she crossed the track of the stranger, 
she whirled and followed the trail and pounced on the 
intruder. 

These and similar observations warrant the conclu- 
sion that ants have a very keen sense of smell, and that 
in their various activities and in their foraging and 
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homing they are guided largely by their sense of con- 
tact-odor. When the ant touches the surface of a body 
with her antennae she probably receives both tactile and 
olfactory stimuli and hence recognizes the odor-form 
of the objects; in the same way she recognizes the odor- 
form and the direction of the trails laid down by her own 
feet and the feet of others, and whether they were 
made by friend or foe. The recognition of the different 
castes of the colony and of the several developmental 
stages of the brood is also attributed to their sense of 
contact-odor, and indicates highly developed powers of 
odor discrimination and odor association. 


MEMORY 


A soldier blundered into the water and in her strug- 
gles reached the opposite shore and climbed to freedom. 
I put her back on the island; she hurried straight to 
the edge of the platform, plunging into the water and 
worked her way to the opposite shore. Replaced on the 
platform she repeated the performance a third time 
and a fourth time. She had learned her way off this 
Aleatraz, and nothing was going to keep her. 

I once brought in part of a colony of Carpenter ants 
and set it up in a closed nest. Nine days later I brought 
in 25 more members of the colony, and 26 days later 
I brought in 65 more members, and in both instances 
added them to the feed box of the closed nest. Despite 
some excitement and a few incipient fisticuffs, the 
newcomers were recognized as sisters and taken into 
the nest. 

I brought in four colonies of Camponotus pennsyl- 
vanicus from four different trees, which were, how- 
ever, all within an area about fifty feet in diameter. 
All the colonies, except Colony IV contained large num- 
bers of males and winged females, indicating that they 
were at least from 3 to 6 years old. I placed them in 
separate closed nests. After a few days I placed the 
members of Colony II in the feed box of the nest of 
Colony I. The members of Colony I hurried out of their 
nest, but, instead of precipitously attacking the inti ud- 
ers, they seemed to be afflicted with some sort of St. 
Vitus’ dance, moving about jerkingly and beating the 
floor of the feed box with their gasters. Nor did the 
intruders attack the home-owners. Whenever the jittery 
home-owners met one of the intruders they would rap- 
idly cross antennae with them, and apparently attempt 
to grasp them by the mandibles. Some few attacked the 
strangers, grasping a leg or an antennae, but they 
would soon let go again. The newcomers offered no re- 
sistance except to attempt to ward off the attack. I 
saw only three pairs clinch and roll about in their 
struggles. The males were not molested, but the queens 
of the newcomers were attacked, and at least eight of 
them were cut to pieces and disposed of in the water. 
Gradually, during a period of fifteen hours, the new 
arrivals with their brood and their males were taken 
into the nest. After a few days, Colony III was added 
to the fusion colony and a few days later Colony IV was 
added. The nervous twitching, and the beating of the 
ground with the gaster, and the frantic crossing of 
antennae were repeated each time. A few battles took 


place usually between soldiers, in whom the fighting 
instinct seems to be more strongly developed. The queens 
of Colony III were, however, attacked and some of them 
were killed. Eventually all the newcomers were ac- 
cepted into the nest. 


Why did these four colonies not follow the usual cus- 
tom and engage in a free-for-all death battle the mo- 
ment they were mixed? It is quite likely that the four 
colonies had originated from one mother colony and 
that they had retained to some extent at least the odor 
of the mother colony, although they had been separated 
from the mother colony for at least three to six years. 
Even if the odor theory is doubted, some other feature, 
common to all the colonies, must have been remembered 
and recognized. 


Why the queens were killed by the original owners of 
the nest, with no protest on the part of their blood sis- 
ters, I do not know, unless it was realized that they 
would add nothing to the economy of the nest and 
would be only so many more mouths to feed, and big 
ones at that. 


COMMUNICATION 


When danger threatens the colony, some of those on 
the scene, as already stated, rush home to inform the 
colony. On entering the nest the courier rapidly and 
repeatedly touches antennae with any ant she meets. 
The one so accosted becomes excited and rushes to the 
exit. On her way she in turn crosses antennae with 
those she meets; they in turn become excited and run 
about. In no time help is on its way to the attacked, 
frequently led by the ant who first spread the alarm. 
Whatever the means of communication, the antennae 
play an important part. 

That ants understand one another, at least in a lim- 
ited way, seems suggested by the following observations. 
In the melee and confusion of battle, when mandibles 
are snapping in all directions, sisters will often snap 
one another, but the one so struck will rarely retaliate 
in kind, as though she realized that the blow was acci- 
dental. 

During a battle one of the minims set her mandibles 
on the leg of one of her sisters and pulled for dear life; 
the sister did not resent the dangerous mistake except 
by refusing to be dragged about. 

During another battle a stranger fastened her man- 
dibles on the leg of one of my soldiers. Though torn 
to pieces, the head and prothorax of the stranger re- 
mained fast to the leg. For over half an hour the victor, 
with the help of several of her kindly sisters, tried to 
release the grip of the dead mandibles, but they were 
unsuccessful. Another sister came up and crossed an- 
tennae with the victor, and then, as though she had 
been told what to do, she attempted to get a grip on 
the smooth surface of the dangling head. Instead she 
got a grip on the leg of her sister and began to pull. 
Of course the sister protested. The would-be helper then 
seized the frayed edges of the prothorax of the dead 
stranger and endeavored to drag both it and her at- 
tached sister to the edge of the platform. She pulled 
and pushed and tried her best to shove her sister into 
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Science Examinations of the 
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College Entranee Examination Board 


e By John M. Stalnaker. A. M.. (University of Chicago) 


Don't read this article. 


STUDY IT! 


Here is expert advice on the conduct of your 
science courses given by nationally known experts 
who have read thousands of examination papers 
written by students who had prepared to enter 
college. No one knows better than these gentle- 
men the mistakes that are being made in the 
teaching of science in the secondary schools. 


You will be a better and more successful teacher 
if you act on the friendly advice that these ex- 
aminers so kindly give. 


The College Entrance Examination Board is an or- 
ganization composed of forty-one colleges and univer- 
sities. It was formed in an effort to establish among 
these institutions uniform entrance requirements and 
examinations. It strives to offer examinations and tests 
of high quality, administered under carefully controlled 
conditions, and graded and reported with accuracy. At 
the same time, it attempts not to specify any definite 
course of study nor to dictate to the teachers either 
how the subject should be taught or what the subject 
should embrace. The results of the Board’s examinations 
are recognized throughout the United States and each 
institution making use of them determines for itself 
what examination subjects and what ratings are ac- 
ceptable. 

The principal series of examinations of the College 
Entrance Examination Board is offered in June of each 
year, although the recently offered April series is now 
meeting a growing need. Both series include tests in the 
three sciences, biology, chemistry, and physics. There 
is every reason to assume that both series will continue 
to contain tests in these three sciences, although the 
form and content of the tests will change as fast as 
improvements can be made. The examinations are ad- 
ministered by the Board at one time in centers located 
throughout the world. Last June, for example, approxi- 
mately 14,000 candidates were examined in 329 centers. 

The examinations of the Board are prepared by com- 
mittees of professional persons from the secondary 
schools and the colleges. The personnel of these com- 
mittees changes from time to time. The examination in 
chemistry for 1938, for example, was prepared by a 
committee of five, three of whom were from colleges 
and two from secondary schools. The exact membership 
is regularly given in the Annual Report of the Execu- 


EIGHT 


CONSULTANT EXAMINER, COLLEGE ENTRANCE EXAMINATION BOARD 


tive Secretary.' No restrictions as to the form of the 
written examination are placed upon the examiners. 
They may use essay or objective questions exclusively, 
or devote any portions of the paper to one type or the 
other. Meeting with them when they decide upon the 
form and content of the paper is a Consultant Examiner 
whose advice on the technical problems of constructing 
examinations is available. The committee of examiners, 
however, has complete authority to make whatever type 
of examination it believes to be best.* 

After the examinations have been prepared, they are 
sent to the supervisors at the various centers and ad- 
ministered on the day and hour set and under carefully 
prescribed conditions. Immediately after the examina- 
tion period the answer papers are expressed to New 
York City for grading. The readers who grade the 
papers are, like the examiners, teachers selected from 
the colleges and secondary schools concerned. They 
gather in New York for about a week and devote their 
entire time to correcting the papers. Careful checks 
are regularly made to make sure that the grading is 
done accurately. The entire reading procedure is an 
elaborate one, but in general the readers feel that it 
is one which has value for them. Last June there were 
thirteen readers in biology for 1,908 papers, twenty-four 
in chemistry for 2,099 papers, and eight in physics for 
1,007 papers. 

In order to ascertain the consistency of the reading 
of these largely essay examinations, all grades are 
recorded on a separate sheet which is stapled to the 
answer booklet. A candidate’s grade is the result of the 
judgment of several readers, since one reader evaluates 
only one part of the paper. 

As soon as a number of papers have been completely 
read, a random sample of them is selected, the separate 
sheet which gives the evaluation removed, and a fresh 
sheet attached. The book is then read again, just as if 
it had not been graded. This past June, 158 answer 
books in chemistry were read twice independently in 
this way. The correlation between the two grades was 
.99. In biology the reliability of reading was .97; in 
physics, since part of the paper was clerically scorable, 
a comparable reliability was not determined but there 
is adequate evidence that the reliability of the reading 
of all science papers is high—that is, over .95. 

The readers are, as of course they should be, paid for 
this work, as are the examiners, the supervisors of the 
examinations, and all other persons who aid in the 
process. The remuneration is in many cases small for 
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1Obtainable at twenty-five cents per copy from the 
C.E.E.B., 431 West 117 Street, New York, N. Y. 

2Sample copies of the June examinations of the last 
three years may be secured from the office of the Execu- 
tive Secretary at the rate of five cents a copy 
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“Smashing” Atoms 


@ By G. Edward Pendray, A.M. (Columbia University) 


ASSISTANT TO PRESIDENT, WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, 


EAST PITTSBURGH, PENNSYLVANIA 


This is a story about the Westinghouse electro- 
static machine that will disintegrate atoms shot 
down a vacuum tube at 100,000,000 miles an 
hour! 


You will want to know about this theoretical 
research in the field of nuclear physics that is 
being undertaken at enormous expense by a great 
industrial company in an endeavor to learn some- 
thing more about the structure of matter. In the 
past, studies of this nature have been carried out 
principally by heavily endowed universities and 
research institutions and not by industrial con- 
cerns. The Westinghouse Company is to be con- 
gratulated on its initiative. 


The results that may be achieved through this 
research will be awaited with interest. 


The rescarch physicists of the Westinghouse Electric 
& Manufacturing Company, East Pittsburgh, Pa., who 
are preparing to bombard targets of various materials 
with sub-microscopic particles shot from a gigantic 
“atom-smasher,” are thereby expecting to solve some 
of the mysteries surrounding the structure of matter. 

The Westinghouse “atom-smasher” is 65 feet high 
from the ground. Beneath it is a well about ten feet 
deep which will be used in some types of experiments, 
particularly those in which neutrons are involved. 

The total weight of the “atom-smasher” is estimated 
at about ninety tons. It, therefore, is probably the 
world’s second largest scientific instrument. The largest, 
of course, is the 200-inch telescope, property of the 
California Institute of Technology, the mounting of 
which was also built by Westinghouse. It will weigh 
nearly five times as much. 

The electrostatic machine, in reality, is a huge elec- 
trical gun which shoots sub-atomic particles down a 
10-foot vacuum tube at velocities ranging from 30,000,- 
000 to 100,000,000 miles per hour, depending upon the 
velocity used. These high speed particles will be sorted 
according to velocity by a magnet at the lower end of 
the vacuum tube, and will emerge from the apparatus 
in different beams, separated according to the energy 
of the particles. These beams will bombard the small 
nickel-sized circular targets of metals, gases or liquids 
that are used in the experiment. Wilson cloud chambers 
and Geiger counters will be employed to determine the 
results of the experiments. 

The apparatus is expected to deliver a continuous 
high voltage direct current of one micro-ampere. The 
expected maximum voltages will be 5,000,000, or some- 
what above. The electrostatic machine proper is en- 


Dr. William H. Wells, who will conduct research in nuclear physics 
with the Westinghouse “Atom-Smasher” at the East Pittsburgh, Pa., 
laboratories of the company. 


closed in a pear-shaped outer tank under air pressure. 
The compressed air serves as insulation. 

In general, there are three types of atom-smashing 
apparatus. All are used to create tremendous velocities 
in sub-atomic particles sufficient to penetrate through 
the walls of force surrounding the nucleus of the atom, 
and to bring about transformations in the nucleus of 
such a nature as to transmute the atom from that of 
one element to that of another. 

One of the better known types of apparatus is the 
“eyclotron,” developed by Professor Ernest O. Lawrence, 
of the University of California. This is an electronic 
whirligig which spins atoms between the poles of a 
powerful electromagnet until they have reached such 
velocities as to pour forth in a stream of high speed 
particles to bombard the target. 

Another type, much used by the earliest pioncers in 
atomic research, makes use of particles shot off natu- 
rally from radium or other radio-active elements. It is, 
of course, limited in power to the energy released by 
this natural disintegration. 

A third type, the electrostatic, was built by Prof. 
Robert J. Van de Graaff of Massachusetts Institute of 
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Technology. It builds up a tremendous electrical field by 
an ingenious modern application of the principle of the 
old-fashioned electrostatic machine developed by Lord 
Kelvin and familiar to all students of physics. 


Relatively small charges of electricity are sprayed 
on a rapidly moving belt, which carries them up an 
insulated column to a metal ball. At the ball they are 
removed, and stored on its exterior surface. The process 
is analogous to that of a chain-bucket conveyor, in which 
a series of small buckets is consecutively filled at the 
hottom of a well, each carrying its load to the top and 
dumping it into a tank. Though each bucket carries only 
a little water, the tank soon acquires a great deal of 
liquid. In the electrostatic machine, the “tank” is the 
metal ball, or electrode. Prof. Van de Graaff used two 
balls, one charged negatively, the other positively, and 
shot his sub-atomic particles along a vacuum tube be- 
tween. A huge atom smasher built on this principle 
has been under construction for some time and is now 
nearing completion at the Massachusetts Institute of 
Technology. 

A somewhat similar electrostatic machine but with 
only one electrode, discharging toward the ground, was 
built at Carnegie Institution in Washington and has 
been used by Drs. Tuve, Hafstad and Dahl in their re- 
searches. A larger one is now in process of construction. 

The Westinghouse ‘“atom-smasher” is an electrostatic 
machine with improvements. To prevent the premature 
eseape of the electrical charge, as by sparking or corona 


The Westinghouse “Atom-Smasher” with which research physicists 
will conduct experiments at the East Pittsburgh Laboratories in the 
field of nuclear physics 
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discharge, the electrode is surrounded by a pear-shaped 
steel tank filled with dry compressed air at 120 pounds 
pressure per square inch. This serves as an insulator 
and will make possible charges as high as 5,000,000 
volts. Such charges would be impossible without the 
pressure tank. 

In charge of Westinghouse’s nuclear research are 
two men who are leaders in this field: Dr. E. U. Condon, 
Associate Director of Research, and Dr. William H. 
Wells, a former associate of Drs. Tuve, Hafstad and 
Dahl at the Carnegie Institution. Dr. Condon, formerly 
Professor of Physics at Princeton University, is co- 
author of the Franck-Condon principle of molecular 
spectra. He will direct theoretical research in nuclear 
physics. Dr. Wells will have charge of the “atom- 
smasher.” 

Nuclear physics is one of the newest fields in physical 
science. The first artificial transmutation was achieved 
by the late Lord Rutherford in England in 1919, using 
natural high speed helium nuclei from radio-active sub- 
stances. The first disintegration using artificially-accel- 
erated hydrogen nuclei was done in 1932. 

Since 1932 there have been many outstanding funda- 
mental discoveries, such as the discovery and identifica- 
tion of the neutron by Chadwick, the discovery of the 
positive electron by Anderson, the isolation of heavy 
hydrogen by Urey and its application as one of the 
most efficient bombarding particles known, the dis- 
covery of artificial radio-activity by the Joliots, and 
increased knowledge concerning the separate isotopes 
of both natural and artificial chemical elements. 

Westinghouse is the first industrial company to under- 
take this type of research. Hitherto it has been carried 
on principally at colleges and endowed research insti- 
tutions. The entry of Westinghouse into investigation 
in this new field is recognition that rapid progress in 
the exploration of new basic fields of science will result 
in more rapid utilization of the by-products of such 
researches. 

The Westinghouse ‘“atom-smasher” will be used en- 
tirely for theoretical research in nuclear physics. The 
company has no intention of attempting to manufacture 
gold from lead, or of undertaking any other such proj- 
ect. Transmutation of one element to another, or the 
release of so-called “atomic energy” in commercial 
quantities is, for the present at least, impossible. Some 
research will be undertaken in the experimental pro- 
duction of small quantities of artifically radio-active 
material, such as might be used in medical research. 
But the principal object is to learn more about the 
structure of matter. @ 


NEW BOOK SERIES 


The book Weather, by Gayle Pickwell of San Jose 
State College, is now a part of a new series of five 
books to be published shortly by the McGraw-Hill Book 
Company. The companion books are Deserts, Birds, 
The World of Insects, and Animals. Each volume will 
be illustrated with pictures from Dr. Pickwell’s unique 
collection of photographs taken in all parts of North 
America. 
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Why Teach Science? 


@ By Paul B. Mann. A. M.. (Cornel! University) 


HEAD, DEPARTMENT OF BIOLOGY, EVANDER CHILDS HIGH SCHOOL, NEW YORK CITY 


This noted teacher, who is Chairman of the 
Standing Committee on Science of New York 
City, has well-considered opinions about what can 
be and what should be accomplished through the 
teaching of science at the secondary school level. 
Our readers will be interested in his discussion 
of the situation. 


Is it our commonest fault that we “teach for 
informational content rather than for mental 
power?” What, definitely, is the scientific method? 
Can scientific attitudes be developed? What about 
appreciations? 


Professor Mann’s discussion attracted local at- 
tention when it appeared in the February, 1938, 
number of “The Teaching Biologist”, published 
by the New York Association of Biology Teach- 
ers. It is printed here with the author's kind per- 
mission. We are glad to give this article the 
wider circulation it deserves. 


The average American doubtless feels complacent and 
even assured about education in this country. He pays 
his taxes and sends his children to the public schools. 
He does not feel called upon to reflect on the merits or 
demerits of the schooling his children get. The curricu- 
lum, the selection of teachers, their objectives—these 
do not matter to him. This average American of whom 
I am speaking, together with about 130,000,000 other 
individuals, lives in what is regarded as the greatest 
democracy in the world. A democracy differs from auto- 
cratic governments chiefly in the freedom of the indi- 
vidual. But unless that freedom is an enlightened free- 
dom (where individuals think and act intelligently), a 
democracy must fail. For that enlightenment we must 
depend upon education to train for thinking and for 
living. 

We must continually ask ourselves what sort of prod- 
uct, from the standpoint of intelligent citizenship, the 
machinery of educational institutions is turning out by 
the hundreds of thousands each year. 

The growing failure of the home to assume much if 
any share in real preparation for life has long been a 
challenge to the schools. Progressive educators know 
this. Hence the accepted responsibility of the school is 
to prepare its young people to appreciate the signifi- 
cance of culture and actively to share in its expression 
with discrimination and vision. 

Just as the individual is basic in a democracy, so 
the teachers are basic in education. Their standards, 
their objectives, and their influence during the forma- 
tive period of youth count vastly more than any other 
factor. 


In the first twenty years of the 20th century, the 
numbers of pupils enrolled in the secondary schools of 
this country increased 854% although the growth in 
population was only 69%. During the past decade ap- 
proximately 40% of the enrolled pupils studied science, 
particularly biology and general science. 

Some science teachers get a thrill when they realize 
this growing popularity of their subject. Yet with the 
thrill must come responsibility, perhaps in larger meas- 
ure than any of us have heretofore conceived, when we 
stand face to face with four staggering facts. 


1. Crime throughout the United States is estimated 
to cost us $15,000,000,000 annually. This is considerably 
more than the total value of all school property plus 
the annual cost of the maintenance of all schools. In 
1936 the United States paid out eighteen times as much 
for crime as it spent for all branches of national de- 
fense. There is a major crime every 24 seconds; a minor 
crime every two seconds. One sixth of the criminals are 
too young to vote, barely beyond the high school age. 

2. Four and one-half percent of the pupils now in our 
schools will, according to our present statistics, later in 
life become insane. Did you know that “there are as 
many beds in hospitals for the mentally deranged as 
the combined number of beds in hospitals for all kinds 
of physical incapacity?” 

3. Suicide as a cause of death has, during the past 
three-quarters of a century, risen four-fold, from 4.9 
to 19.7 per 100,000. 


4. The divorce rate has gone up. The rate was one 
divorce for every seven marriages in 1925. 


These four cankers in our national life are growing 
and are insidiously undermining the body politic. They 
nullify and neutralize efforts toward betterment of 
the race. 

I have several suggestions for constructive activities 
in schools. 


1. One or more teachers trained in adolescent 
psychology should be available in every school, 
and a psychiatrist for each community of 
schools. The farmer sprays apples when in 
bud, not after maturing into fruit. Similarly, 
psychiatric help, if given early enough to be 
prophylactic, could be of ten-fold value to the 
youth of our schools. 

2. A mental hygiene clinic might be established 
to include special cases from several schools. 

3. Extra-curricular courses in the psychology 
of child behavior could be inaugurated both 
for teachers and parents. 

4. Courses like “Personality Studies” recently 
introduced in New York City High Schools, 
might be given. 

5. Training Schools and colleges can include in 
the program of prospective teachers more psy- 
chological courses and the evaluation of men- 
tal problems of adolescents. 
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The personality requirements for incoming 
teachers can be raised. 

7. Definite and worthwhile vocational guidance 
can be given. 

8. Each subject in the high school curriculum 
can be evaluated to see whether it can be 
more humanized and whether it can be altered 
in content or method to produce sounder citi- 
zens. 


It is not my purpose to dwell on any of the first seven 
of these suggestions. I believe so heartily, however, that 
science has a vital constructive offering that I want to 
consider the last suggestion in some detail. 

If science has come to be one of the most prominent 
divisions of the high school curriculum, must not science 
teachers bear a corresponding share in meeting this 
issue? I believe that science can and therefore should 
lead the way. But there must be a recasting of values 
and objectives, a very different point of view as to 
ways and means and a real belief in the end products. 

In the first place we must be very sure in our own 
minds that information is not considered a synonym for 
education. Perhaps the commonest fault of most teach- 
ing, especially in science instruction, is merely “teaching 
the subject” or more frankly “stressing facts.” 

American education is too frequently quite like the 
game of “button”, i.e., “information, information, who’s 
got the information?” The difficulty is that it so fre- 
quently stops there. What we need is not less basic 
information but insistence on the training of intelli- 
gence rather than or certainly in addition to, this basic 
information. Intelligence is the ability to handle a situ- 
ation ideally, with sufficient knowledge (information) 
of all necessary factors and appreciation of possible 
results. There is not a business administrator who 
would not place a higher valuation on the service of 
men who can meet and solve new problems rather than 
on the man who at one time knew academic facts and 
theories in history, mathematics or languages. The 
indictment is that in general, the rank and file of 
teachers still teach for informational content rather 
than for mental power, in spite of the fact that Amer- 
ican leaders in education have formulated for us, dis- 
tinctly social and cultural aims. Dewey and O’Shea say 
that the chief concern of schools in America is to make 
an individual social. Osborne would have us develop 
constructive thinking. The dull issues of factual teach- 
ing can obscure the normal mental growth of pupils 
no matter what the subject. Yet in the science labora- 
tory and recitation room lies a special avenue of ap- 
proach to the mind of the child, and a method of 
stimulating that mind through science erperiences as 
comes so easily in no other subject. 


In all cases the scientific method involves an attitude 
of scrupulous carefulness and honesty. In general, it 
must follow these steps: 


(a) A clear understanding of the problem, with 
definitely stated aim. 

(b) Obtaining sufficient evidence so that the con- 
clusion will be based on enough data to make 
it sound. 
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Examination of the evidence by experimental 

methods, where possible, and by apparatus 

designed to avoid errors and obtain correct 
results. 

(d) Readiness on the part of the experimenter 
at all times, in studying the results, to 
remain free from personal likes, dislikes, 
fears, and prejudices. 

(e) Drawing conclusions based only on the facts 

presented. 


(f) Checking the correctness of the conclusions 
obtained from any experiment through the 
possibility of repetition of the experiment 
under the same controls (similar conditions 
except main factor altered). 


(g) Applying these conclusions to other situa- 
tions. 


The science classroom and laboratory are one of the 
best places to learn this scientific method. But it need 
not stop there. The scientific method can be applied to 
almost any situation in life. It simply means straight 
thinking. 

In his report for 1927 President Butler states: “The 
scientific method is everywhere extolled and within cer- 
tain limits is rigorously applied. Yet the public mind, 
renforced each year by a veritable army of youth which 
is marched through scientific laboratories and lecture 
rooms, museums and observatories, is as untouched by 
scientific method as if no such thing existed.” 

There are not, however, many crumbs of comfort for 
anyone who feels that the development of scientific 
attitudes is not possible. 

Most of us feel that President Butler assumes a great 
deal in stating that the “scientific method is rigorously 
applied” anywhere. It is still a new or novel point of 
view. Also, too many of us have been too factually- 
minded from our own training and from habits of teach- 
ing under the long shadows of approaching examina- 
tions, to have much faith in any method other than 
textual questions and textual answers. Moreover, the 
work of the daring few who set out to have pupils gain 
power, has been neutralized by unscientific methods in 
other classes, and more particularly outside of the 
school. We are all of us immersed in a veritable sea 
of unscientific actions and reactions. A single trip in a 
trolley or subway car will yield example after example 
of half-truths, lurid exaggerations, mis-statements, and 
alarm notes. Almost every radio program, no matter of 
how high a grade is siamesed to wheedling expostula- 
tions based for the most part on nothing but vocabulary 
and a selected voice. Many advertisments in news- 
papers and magazines could not stand investigation. 
Politics is admittedly honeycombed with all sorts of 
graft, with a slimy trail through city after city up to 
the government itself. And war is the greatness mad- 
ness of all. 

Yet untoward environment for adolescents should not 
cause weakening or surrender on our part but rather a 
new determination to accomplish more. Even if classes 
are crowded and programs heavy, we need not succumb 
to the line of least resistance. If “straight thinking” 
ean ever be developed in school children, science is the 

Continued on Page Twenty-two 
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Short Cuts in the Chemistry Laboratory 


@ By Walter 8S. Lapp 


NORTHEAST HIGH SCHOOL, PHILADELPHIA, PA. 


Every good teacher of chemistry strives con- 
tinually to improve his teaching techniques. He 
is eager to know about the new ideas that have 
been developed by other teachers who may be 
handier than he is. He seeks short cuts. 


Mr. Lapp is an experienced instructor in a 
large public high school. He has successfully put 
into execution certain procedures that have 
proved to be economical of time and materials. 
They are presented here for your consideration. 


The apparatus kit which Mr. Lapp describes 
attracted much favorable comment when it was 
exhibited at a recent meeting of the Pennsylvania 
Academy of Science. The illustrations used with 
this article were obtained through the courtesy 
of the Editor of the “Proceedings” of the Acad- 
emy, in which this paper was first printed. 


COPPER SULFATE TABLETS 


For studying the various factors which hasten the 
process of solution we have had tablets (10 mm. in 
diameter) prepared by compressing powdered commer- 
cial copper sulfate pentahydrate with one percent 
boric acid, which serves as a binder and lubricant. With 
these tablets students may study the effect of gravity, 
pulverizing, heat, and agitation by noting the degree 
of the blue color produced in a given interval of time. 

To observe the effect of gravity: one tablet is sup- 
ported by means of a thread at the top of a test tube 
of water while a second tablet is placed at the bottom 
of another tube of water. The difference may easily 
be observed within half an hour. (Fig. 1.) 

To study the effect of pulverizing: one tablet is finely 
ground in a mortar and placed in a test tube of water 
while another tablet is placed whole in another tube of 
water. Both tubes are shaken half a minute. The effect 
of pulverizing is at once apparent. (Fig. 2.) 

To observe the effect of heat: one tablet is placed 
in a test tube of hot water while another tablet is 
placed in a tube of cold water. Both are shaken and 
the effect noted. (Fig. 3.) 

To observe the effect of agitation: two tablets are 
placed in separate test tubes of water. One is permitted 
to stand at rest while the other is shaken. (Fig. 4.) 

To study these effects without tablets, the student 
must use crystals of approximately the same size. The 
selection of crystals for a class of 200 students requires 
a great deal of time. 


TEST TUBE SUPPORT 
We have devised a simple one-piece wire support to 
hold a 25 mm. x 200 mm. test tube. It is made of No. 


10 gauge nickel-chromium wire and is practically corro- 
sion proof. We use this support in place of the usual 
demonstration tube, which has a glass support, is top 
heavy and, therefore, impractical. With the wire sup- 
port the center of gravity is much lower, making the 
tube less likely to be upset. (Fig. 5.) 
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STORING DISTILLED WATER 

For several years we have stored distilled water and 
lime water in five-gallon bottles equipped with a grav- 
ity flow tube instead of the more complicated syphon 
which is likely to get out of order. A hole about 10 mm. 
in diameter is drilled in the center of the bottom of the 
bottle. Through this is placed a rubber stopper with a 
glass elbow tube, the tapered end pointing down. The 
elbow tube is attached to a rubber tube, the other end 
of which may be fastened to the top of the bottle by 
means of a hook or clothes-pin clamp. With distilled 
water the elbow should be flush with the stopper but 
with lime water it may extend upward about 10 em. 
(Fig. 6.) 

MAKING SOLUTIONS QUICKLY 
We use the principle of gravity in preparing solu- 


tions of slowly soluble salts, such as copper sulfate in 
quantities sufficient for class use. To accomplish this 
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we need only a funnel, a stopper, and a bottle arranged 
as in Fig. 7. In this manner a strong solution may be 
prepared in an hour or two, while the same amount of 
copper sulfate placed at the bottom of the bottle would 
require a month or two for complete solution. Another 
simple way is to place the solute in a large flat-bot- 
tomed dish or enameled tray. In either case the denser 
solution is carried away by gravity as fast as formed. 
This principle is used by electroplaters in making plat- 
ing solutions and by progressive farmers in preparing 
spraying solutions. 


APPARATUS KIT 


Every chemistry teacher knows that much time is 
spent in assembling and setting up apparatus. Much 


apparatus is needlessly broken. To avoid some of this 
waste of time and material we have gradually developed 
a kit of simplified apparatus. 

The kit consists of a cardboard slip cover, a wooden 
stand, and 26 separate pieces of equipment as follows: 
125 ec. Erlenmeyer flask, Pyrex 
45 mm. evaporating dish 
65 mm. circular glass plate 
45 em. rubber delivery tube to fit 5 mm. glass 

tubing 


13 mm. x 100 mm. test tubes, Pyrex 

100 mm. stirring rod of blue glass 

5 mm. x 100 mm. glass tubes 

80 mm. x 100 mm. glass elbows, 5 mm. diam. 
30 mm. rubber connecting tubes to fit elbows 
25 mm. x 100 mm. test tube, Pyrex 

10 mm. x 75 mm. test tubes, Pyrex 

test tube brush 

No. 4 one-hole rubber stopper 

No. 21 two-hole rubber stopper 

No. 00 solid rubber stopper 

medicine dropper or pipette 

pencil 

funnel, 45 mm. diam. with 65 mm. stem 
paper of matches 


The rack is 25 em. long, 8 cm. wide, and 11 ecm. 
high. There are two shelves respectively 4 and 5 em. 
from the base. These are fastened to the ends by mortise 
and tenon joints. The top of the rack is nailed to the 
top of the supports. The top and the selves are 5 mm. 
thick, the ends 12 mm. thick. The top and upper shelf 
are drilled so as to support the various pieces. The 
glass plate is kept under the evaporating dish between 
the two shelves and is prevented from sliding out by a 
fold of blotting paper or cardboard. The rack is painted 
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black with a rubber base reagent-resisting paint. The 
racks can be made by a planing mill, cabinet maker or 
even in the school woodworking classes. Even when 
made outside they should not cost more than about fifty 
cents each providing about 25 are ordered at a time. 
The equipment costs about $2.00 or less if the tubes 
and elbows are made in the laboratory. See photograph. 

The slip cover is made of cardboard covered with 
blue-prints showing not only the positions of the various 
pieces of apparatus in the kit but also some points of 
laboratory technique, such as the proper way to light 
the gas when using the Tirrill burner, how to remove 
and hold glass stoppers when pouring from a bottle, 
how to heat and hold test tubes, how to fold filter paper, 
ete. The lid is finally treated with two or three coats 


of gloss paper lacquer. The following are some of the 
chief features of the kit. 


(1) When the kits are once prepared, very little 
time is lost in assembling apparatus during the 
rest of the year. 

(2) With the small apparatus used in the kit the 
loss by breakage is greatly reduced. With a class 
of 200 students we break about 25 test tubes per 
year, making the test tube cost less than one 
cent per student per year. Formerly, when we 
used larger test tubes of soft glass, we broke 
several hundred a year. 

(3) There is sufficient flexibility. Many different 
set-ups may be made. Some of these are shown 
on the cover. For instance, we avoid the use of a 
thistle tube by using a straight tube and funnel 
held together by a rubber stopper. (Fig. 8.) 

(4) Students like to use the kit and seem to take 
better care of the apparatus. Having a place for 
everything makes it easier for both student and 
teacher to check the apparatus when more than 
one student must use the same kit. 

(5) There is a material saving in reagents when 
small apparatus is used. Reagent bottles need 
filling less frequently. Much time is also saved in 
experiments involving evaporation. 

(6) Working with smaller quantities tends to 
lessen the dangers naturally associated with cer- 
tain experiments. 


I wish to thank all who in any way assisted in the 
development of the kit and other equipment, especially 
my colleagues and fellow teachers of chemistry in the 
Northeast High School. @ 
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Harris, Hopkins and Yntema at the chemical laboratory 
of the University of Illinois. Its discovery is of spe- 
cial interest inasmuch as the group of elements occur- 
ring between lanthanum (57) and lutecium (71), com- 
monly called the rare earths is now known to be com- 
plete. The rare earths have always given difficulty 
when an attempt has been made to place them in the 
periodic table, which gives no indication of the possi- 
ble number of elements included in the group. Their 
complete chemical separation is also a matter of great 
difficulty. Moseley’s relation between the various chem- 
ical elements was of extreme importance in defining 
the number of elements to be expected in this group, 
and in stating that the missing element should occupy 
a position between neodymium (60) and samarium (61). 
This latter fact has been a guiding factor in the re- 
search carried out by the numerous investigators 
working with the idea of isolating element 61. 

One of the lines of research which has been carried 
out at the University of Illinois has been the produc- 
tion of relatively pure compounds of the rare earth 
elements. It was planned to use these preparations for 
atomic weight determinations, spectral study, and for 
use in important investigations to be carried out in 
cooperation with other laboratories. Under the cooper- 
ative plan, material was furnished the United States 
Bureau of Standards for the purpose of mapping the 
red and infra-red regions of the spectra of the rare 
earth elements. In the published reports on neodymium 
and samarium, Kiess (2) gives about 1500 lines for 
each of these elements, and in addition gives the wave 
length of some 130 faint lines which are common to 
both spectra. He was unable to identify these lines with 
those of the spectrum of any other known element and 
assumed that they might possibly belong “to a new 
element of atomic number 61 coming between neodym- 
ium and samarium.” Eder published a similar list of 
lines but they did not correspond with those of Kiess’ 
list. 

Concentration and identification of the substance 
causing these unknown lines was then begun. Extensive 
fractionation of the neodymium and samarium mate- 
rials was carried out using the double magnesium ni- 
trates for the fractionating process. The solubilities of 
these salts increase with increasing atomic number. 
The illinium would therefore be expected to concentrate 
in the intermediate fractions between the neodymium 
and samarium. L. F. Yntema (3) conducted an X-ray 
examination of these fractions in the Sloane Labora- 
tory at Yale University. He was unable to obtain any 
positive results with the X-ray analysis, concluding that 
the element must be present in quantities less than one 
part in a thousand. He found, however, while studying 
the are spectra in a small region of the ultra-violet, 
five lines which were common to both the neodymium 
and samarium materials. 

Evidently, from the foregoing, a better method of 
concentration was needed, and a study of the various 


salts used for fractionation was made. As mentioned 
before, the double magnesium nitrates which had been 
used have solubilities which increase with atomic num- 
ber, and element 61 would be expected to crystallize out 
between neodymium and samarium. Since 61 would un- 
doubtedly be present in very small quantities, and since 
neodymium and samarium are relatively abundant, it 
might be expected that these two elements would com- 
pletely mask the presence of 61. James has shown that, 
when the bromates are used for fractional crystalliza- 
tion, the solubilities of these rare earth salts show 
first a decrease in solubility with increase of atomic 
number, reaching a minimum with europium (63) and 
then an increase with atomic number increase. As a 
result, the order of crystallization is europium, as the 
least soluble member of the series, gadolinium, sam- 
arium, illinium, terbium, and neodymium. If only the 
neodymium-samarium rich fractions of a series of dou- 
ble magnesium nitrates are converted into rare earth 
bromates, the order of solubility is, for practical pur- 
poses, reversed. J. A. Harris made an extensive frac- 
tionation of the neodymium-samarium rich materials 
in this way. 

While doing this work, Harris observed that the char- 
acteristic absorption bands of neodymium and samar- 
ium began to disappear in the intermediate fractions, 
and at the same time, a very faint line at wave length 
5816 Angstrom units was observed to be increasing in 
intensity. Later another line was observed to increase 
in intensity at 5123 Angstrom units as the character- 
istic lines of neodymium and samarium decreased in in- 
tensity in the middle fractions. Naturally the question 
arose as to whether these new lines belonged to a new 
element, and on further study, it was decided that these 
lines were due to 61. 

Very briefly, solutions of certain rare earth salts ex- 
hibit the property of absorbing light of certain wave 
lengths in the visible region when a heterogeneous beam 
of light is passed through the solution. For each of the 
elements, this absorption is characteristic, and it is pos- 
sible to tell which elements are present in a solution, 
with certain limitations, when the beam of light emerg- 
ing from the solution is examined with a spectroscope. 
Use of this property is made when following the proc- 
ess of fractionation, there being a change in the absorp- 
tion as the crystallization is carried out. Concerning 
neodymium and samarium the first of these shows a 
very heavy absorption throughout the entire visible re- 
gion, and the latter exhibits the same property very 
strongly in the blue and violet regions. If element 61 
should show only a faint absorption in the visible re- 
gion, a fact which is common in these elements, it can 
be readily seen that the heavier absorption of the neo- 
dymium and samarium would probably mask the ab- 
sorption due to 61, which is exactly what happens in 
this case. However, when illinium is sufficiently sep- 
arated from neodymium and samarium, these new lines 
begin to appear. 

As was stated in the first part of this paper, a more 
positive means of identification was suggested by Mose- 
ley’s work, and it is not safe in these days to consider 
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a new element as being positively discovered without 
making an X-ray analysis. Accordingly there was de- 
signed and built in the laboratory at the University 
of Illinois, an X-ray outfit capable of being used for 
such work. The X-ray tube contained a cathode of pure 
aluminum and a target or anti-cathode of pure copper, 
which contained a depression in which the rare earth 
oxide was fused. The tube drew 8-10 milli-amperes and 
used about 30,000 volts on the average. 

The crystal grating used in the analysis was a crystal 
of calcite, different crystals being used to avoid the 
possibility of imperfect ones. Owing to the low energy 
input necessary with the apparatus, the crystal was 
only rotated through an angle of thirty minutes. It was 
found necessary to make exposures of 8-16 hours, which 
caused a little difficulty in keeping the rare earth oxide 
on the target, but this was eliminated by fusing the 
oxide into the depression on the target. 

Five successful exposures were made for the La, of 
element number 61, using two different fractions for 
the target. The lines obtained were faint but their posi- 
tions were verified by several disinterested observers. 
Utmost care was used in making all settings. The dis- 
persion between the La; and the Lay of samarium was 
0.5 mm., the former line being used as the principal 
reference line. The deviation of the La, of 61 was 
checked against the Lay of samarium and the La, of 
neodymium. The maximum deviation from the theo- 
retical wave length was less than 0.005 A units, the 
average of the five determinations differing only by 
0.0004 A units from the calculated, which is well within 
the limits of experimental error. 

A single determination of the Lf2 line of 61 gave a 
value which varied by 0.004 A units from the calculated 
value. A very faint line corresponding to the Lf: line 
was observed on the last plate made, but it was not 
accepted owing to the presence of the area of general 
radiation covered by the oscillation of the crystal. Other 
measurements of the L and K series lines were im- 
possible at the time of the announcement of the dis- 
covery but research is now under way on that problem. 

The question always arises when an X-ray analysis 
is made in a case such as this as to whether there are 
any first, second or third order lines of other elements 
which might be mistaken for those of the element in 
question. The American chemists considered this point, 
which showed that certain lines of lanthanum, cerium, 
mercury, chromium and bromine might be mistaken for 
those of element 61. After serious consideration of the 
wave lengths and the relative intensities of the lines 
obtained, it was decided that there was no conflict be- 
tween the lines of these elements and those of illinium. 


Summarizing the lines of evidence used as a basis for 
the discovery of illinium, and which are in accordance 
with accepted theories, we have as follows: The 130 
are spectrum lines in the infra red, the five lines in the 
violet, the detection of absorption lines in the visible 
region, the X-ray data, and the concentration of illinium 
between neodymium and samarium. 

The work done in the laboratory of the University 
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of Illinois is by no means the only work done with the 
idea of finding the new element. Almost immediately 
after the first announcement of the discovery of illinium 
by Harris, Hopkins and Yntema, confirmation of the 
discovery was made by independent observers, who were, 
as it may be said, “hot on the trail” of the new element. 

One of the first papers on illinium to appear was by 
Meyer, Schumacher and Kotowski (4), working in their 
laboratory in Berlin. It is interesting to note that they, 
too, used the same salts as those used by the discover- 
ers, namely the rare earth bromates and the rare earth 
double magnesium nitrates. Dehlinger, Glocker and 
Kaupp were able to secure the K series lines of illinium 
on the material furnished by the above men, which indi- 
cates that the work was of high order. 

Further confirmation of the discovery of illinium has 
been made by the admirable work of Rolla and Fer- 
nandes (5) at the University of Florence. Working on 
a small amount of didymium material, which was frac- 
tionated as the double thallium sulphate, Rolla obtained 
evidence for the existence of the new element by the 
X-ray absorption method of the K series. Instead of 
announcing this fact to the scientific world at the time, 
Prof. Rolla placed a description of his work in a sealed 
package in the vaults of the Academy of Lincei in 
1924, and began to work up a larger supply of the 
didymium material. In the meantime, the discovery of 
the new element by the American chemists had been 
made. Following this announcement and upon the con- 
clusion of his work upon the second supply of material, 
Rolla brought his “Plico Suggellato” from the vaults of 
the Academy, and he insists that element 61 be called 
“florentium” upon the basis of the information con- 
tained in the sealed packet. His first announcement 
came some three months after the initial declaration 
of the discovery by the American chemists. Rolla ob- 
served anomalies in the visible region of the absorption 
spectrum, with a decided shift in the intensity of the 
lines toward the red in the region of 5700 to 5800 A 
units, which is in accord with the work of Harris, Hop- 
kins and Yntema, who stated that there was a line at 
5816 A units. The X-ray analysis of the material used 
by Rolla and Fernandes was carried out by R. Brunetti 
at Arceti. 

In addition to the very fine work done by the Euro- 
pean chemists, some very excellent work has been ac- 
complished by other Americans. James and Fogg (6), 
at the University of New Hampshire, while fraction- 
ating some rare earth material, carefully prepared sam- 
ples from the intermediate fractions of the neodymium- 
samarium rich portions of the series. This material was 
examined by Cork, using the splendid X-ray equipment 
at the University of Michigan, who was able to secure 
the K series lines of illinium. The publication of these 
lines is convincing evidence of the identification of ele- 
ment 61. The rare earth material used by these in- 
vestigators was secured from three sources, namely, 
gadolinite, xenotime and monazite. 

On the other hand there are investigators who doubt 
the existence of element 61, and discredit the announce- 
Continued on Page Twenty 
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the amount of energy and skill demanded. Last June 
the cost of reading the papers in biology was $1.18 per 
candidate. The comparable figure for chemistry was 
$1.19, and for physics 64 cents. The work of the Board 
is financed largely by the candidates, who pay a fee of 
ten dollars for the complete June series of examinations. 


The chief readers in biology, chemistry, and physics, 
in response to a request, have offered some suggestions, 
based in part on their experiences as readers, concern- 
ing the preparation of candidates in the sciences. Their 
comments are both interesting and valuable. Professor 
Brinkley of Yale University, the chief reader in chem- 
istry, writes: 


“In preparing science candidates for the Board’s 
examination, I would suggest, in so far as chem- 
istry is concerned, that the teacher ignore the 
examination side of the preparatory course, at 
least for the first part of the year; and that he 
proceed to teach the fundamental principles of 
the subject. It is my contention that candidates 
are better prepared in this way, not only to pass 
the examination, but also to go on in the subject 
in college, than is the case when the subject is 
taught with the examination as the aim. To this 
end, the content of the course should be limited 
to that section which can be taught in a thorough 
manner. The tendency in the schools today is to 
feel that all of the subject should be covered; 
and the result is that the work is so superficially 
done that there is little which can be used in col- 
lege as a foundation. 


Exactness and accuracy of statement in the 
work dealing with definitions, laws, formulas, and 
equations should be demanded. Inexact and in- 
complete statements are little better than no 
statements at all. 

Numerical problems should be taught in a man- 
ner which emphasizes the principles illustrated, 
not merely secures a correct answer. 


The significance of theories and laws should re- 
ceive emphasis so that the student sees the rea- 
sonableness of the theoretical assumptions, and 
so that he can use them. Too frequently, the 
student has merely committed certain principles 
of a theoretical nature to memory so that he can 
recite them; but he has not the faintest notion of 
their meaning. A theory which is not useful for 
the interpretation of scientific facts in the course 
is useless and should not be included. Otherwise, 
a false notion of the true value of a theory is 
obtained. 

In the reading of the examination papers each 
vear, the reader finds generally that the students 
handle the subjects of atomic structures and 
ionization very poorly. They are, in many in- 
stances, able to give a superficial statement of 
some of the latest hypothetical aspects of these 
theories; but they seem to have the greatest 
difficulty in applying them to even the simplest 
chemical phenomena. 

In the work dealing with problems and equa- 
tions, the results indicate that the students have 
been taught to solve problems according to some 
set formula or scheme which works so long as 
the problem is of the specific type they had ex- 
pected, and that they have committed a few 
equations to memory. The papers indicate, how- 


ever, in many instances, that the numerical side 
of the problems and the exact relations these 
illustrate are not understood, and that the equa- 
tions are an unknown language. 

It appears, both from the reading of the ex- 
aminations and from the work with boys who 
have passed these examinations, that an entirely 
inadequate amount of emphasis is being placed on 
the factual side of the subject. It is my conten- 
tion that chemistry should be taught as a descrip- 
tive science first, and that generalizations and 
theories should grow out of experimental data. 
There is a great misconception that the student 
should be able to reason out things in the be- 
ginning of a chemistry course. As soon as he 
possesses information on which to base his rea- 
soning, there is, of course, a great field for logical 
development; but it is difficult in chemistry, as 
in all other fields of knowledge, to visualize one 
doing a great deal of reasoning with nothing 
about which to reason. Therefore, the student 
should be required actually to learn a consider- 
able amount of specific material. In this way, he 
can at least acquire a real basis for an under- 
standing of the work of the chemist.” 


Professor A. B. Dawson of Harvard University, the 
chief reader in biology, writes: 


“One difficulty, especially in smaller schools, is 
the widespread impression among administrators 
that the biological courses can be taught by some- 
one who has had little or no training in the bio- 
logical sciences. Furthermore, in teachers spe- 
cially trained for biology, there is the difficulty 
that schools of education and teachers’ colleges, 
sometimes insist upon too much pedagogical 
training and give too little opportunity for ade- 
quate training in subject material. 

Paradoxical as it may seem, the more elemen- 
tary courses in biology need instructors with a 
very broad biological training. In all of our 
college teaching we always find it more difficult 
to secure good instruction in general courses than 
in the specialties. 

Another criticism which I feel is borne out by 
our experience as readers is that there is too 
much so-called “blackboard biology.” By this I 
mean that in schools in which supplies and equip- 
ment are meagre the students very frequently 
have no opportunity for direct contact with bio- 
logical materials. The work is done largely by 
demonstration and the drawings are placed on 
the blackboard by the instructor and then copied 
by the students. This, coupled with no experience 
in field work, leaves the student with very little 
appreciation of the material with which he is 
supposed to be familiar. Such students memorize 
a large amount of information without really 
understanding it. If they are asked simply to re- 
produce in an examination the subject matter 
they have covered, they frequently do an adequate 
job. If, however, the question is couched in the 
form of a problem they frequently do not attempt 
to analyze the question but merely write down 
such facts as they have previously memorized.” 


Professor A. T. Waterman of Yale University, the 
chief reader in physics, makes the following comments: 


“It is difficult to propose general principles for 
the teaching of elementary physics and not avoid 
either the impression of vagueness on the one 
hand or a too rigid program on the other. As a 
matter of fact, while really good instruction in 
science may often be capable of classification 
under some system or code, yet as a rule the 
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methods used by different teachers will not be the 
same. To a considerable extent successful teach- 
ing is of course an individual matter, and the 
proportions in which stimulation of interest, com- 
pulsion, exposition, and questioning, for example, 
are stressed vary with the teacher. 


The teacher of elementary physics should, how- 
ever, bear in mind certain definite ends and will 
generally find it necessary to strike a balance 
which emphasizes each of these. They may be 
stated as follows: to impart (1) a genuine knowl- 
edge and understanding of broad physical prin- 
ciples and the methods employed by physics in 
arriving at these principles; (2) a proficiency in 
applying these principles to simple problems, 
descriptive as well as numerical; (3) a perspec- 
tive of the subject of permanent value to the 
student in case he goes no farther with the sub- 
ject; (4) specific knowledge of the important 
branches of physics on which the student may 
build if he chooses to continue with this or an- 
other science. Achievement in these respects is 
precisely what the College Entrance Board Ex- 
aminations aim to test. 


Chief emphasis should be on item (1) as being 
most fundamental and as being too often slighted. 
Whatever the means adopted, every effort should 
be devoted to the understanding of the subject 
rather than the mere mental accumulation of 
formulas and statements which may be repeated 
without perception of their significance. In order 
to develop this understanding and properly to 
prepare for examinations devised to test it, the 
following aids to instruction are recommended: 


(1) In addition to the announcement of a 
physical law or principle, briefly discuss 
its background, how it arose; invariably 
give several different illustrations of its 
application. 

(2) Insist upon a definition for every 
physical quantity introduced, and follow 
this by a statement, in words and as an 
equation, showing how the quantity is cal- 
culated or measured, e.g. Acceleration: 
(definition) rate of change of velocity: 
(calculated or measured by) 


change in velocity 


time 


(3) State equations in words as well as 
in symbols. This stresses the physical 
reality of the quantities concerned, in con- 
trast to the algebraic point of view. 


(4) When a physical quantity is stated, 
insist upon the statement of both a num- 
ber and a unit, e.g., “the acceleration of 
gravity is 32 ft. per sec, per sec” (not 


_ (5) Stress careful attention to the word- 
ing of a question, and to brevity and di- 
rectness in answers. 


(6) In answers to problems (whether 
oral or written) insist upon explanation, 
even though brief, as to the method used 
in arriving at the answer. 


(7) In the solution of problems, both 
numerical and descriptive, and in discus- 
sions, encourage the drawing of clear dia- 
grams to accompany the explanation. Dia- 
grams of an abstract nature, such as the 
addition of forces, should be separated 
completely from pictorial or schematic 
drawings. 
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The part played by the laboratory program in 
connection with a course in elementary physics 
can be of great assistance in providing a clear 
understanding of the subject. Here a personal 
interest on the part of the instructor in the 
students and their progress is a very important 
consideration.” 

From time to time the Board appoints commissions 
to study the descriptions of its examinations and to 
make recommendations for revising them. Such a com- 
mission is now engaged in a study of the Board’s ex- 
aminations in physics and chemistry with the purpose 
of making the requirements more general and less spe- 
cific. One of the present policies of the Board is to issue 
a series of studies analyzing the procedures used in 
preparing and reading its examinations. Such an analy- 
sis with regard to the elementary physics examination 
will be available later this year. @ 


YOU WILL WANT THIS GIFT 


Catholic teachers may well be proud of Rev. Gregor 
Mendel, the father of modern genetics. The work of 
this famous Catholic scientist has provided a stimulus 
to all branches of biology, with the result that the 
study of heredity in its neo-Mendelian form of genetics, 
has become one of the most important fields of con- 
temporary research. 

Science teachers desiring a picture of Father Mendel 
for their classroom or laboratory may obtain, without 
charge, an excellent 8x10 inch photograph of a paint- 
ing, suitable for framing, by requesting it from Ward’s 
Natural Science Establishment, Inc., P. O. Box 24, 
Beechwood Station, Rochester, New York. 


GLASS AT THE NEW YORK FAIR 


The colorful three-century history of glass making 
in America and a graphic story of its uses in the future 
will be depicted at the New York World’s Fair. Three 
of the country’s leading glass manufacturers, Corning 
Glass Works of Corning, N. Y.; Owens-Illinois Glass 
Co. of Toledo, O., and Pittsburgh Plate Glass Co. of 
Pittsburgh, will cooperate in a joint exhibit, housed in 
a unique building known as Glass Center. 

Two outstanding features of Glass Center, in addi- 
tion to the multitudinous displays of the individual 
companies, will be a molten glass furnace in actual 
operation and a glass fibre making machine that will 
produce the latest development of the glass industry, 
the drawing of glass into “yarn” for fabrics. 

In contrast to many other Fair buildings, Glass Cen- 
ter is being constructed primarily of glass block, plate 
glass and structural glass, utilized as is being done on 
buildings throughout the country, with a definite view 
toward permanency. The important position occupied 
by glass in modern construction will be exemplified fully 
in the erection of Glass Center. Architectural features 
will be a commanding tower constructed of blue plate 
glass and glass block, and a patio court outdoor spec- 
tacle set amid an extensive bower of trees and shrub- 
bery. 


v 


or MARCH, 1939 


in Future Numbers .. 


Scientific Criminal Detection 


By J. EpGar Hoover, Director, Federal Bureau of 
Investigation, United States Department of 
Justice, Washington, D. C. 


The Swallows of San Juan 
Capistrano Mission 
By REVEREND A. J. HUTCHINSON, Rector, Old Mis- 
sion, San Juan Capistrano, California. 


Criteria of a High School 
Biology Textbook 
By Leo J. Fitzpatrick, Public High School, Brock- 
ton, Mass., President, New England Biological 
Association. 
What Physics Textbook Best Suits 
Your Course? 


By HERMAN CAMPSEN, Jr., Chairman, Physical 
Science Department, High School of Science, 
Bronx, New York City. 


Science Lesson Broadcasts 


By Harry A. CARPENTER, Specialist in Science, 
Board of Education, Rochester, N. Y. 


Campus Lessons in Biology 
By JAMEs W. RIAL, Pittsburgh Public Schools. 


Science Lessons and Life Problems 
By Sister M. GERALDINE MADDEN, R.S.M., Mt. 
Aloysius Academy, Cresson, Penna. 


Cosmic Rays 
By Miss DorotHy SuUGRUE, Mundelein College, Chi- 
cago, Ill. 


The Catholic Round Table of Science 


By REVEREND FRANCIS P. LEBUFFE, S.J., of the 
America Press. 


Some Aspects of Blood as a 
Physico-Chemical System 


By Jutius SENpDROY, JR., School of Medicine, Loyola 
University, Chicago, III. 


Now Ferns Grow 


By W.N. Stew, Department of Biology, Marquette 
University, Milwaukee, Wisconsin. 


South American Archaeology 
By JAMES C. SAWDERS, Explorer and Lecturer. 


Laboratory Physies 


Continued from Page Three 


of error was required, too, and a place was neatly pro- 
vided to receive it. 

Under this plan, little is left for the student but the 
tedious compiling of observations and the drudgery of 
computing specified results. It is not uncommon to see 
students working all afternoon on a single experiment 
trying to get the answer to come within a certain limit 
specified by the instructor. Now, I can appreciate the 
desirable outcomes which are supposed to result from 
requiring such standards of achievements for science 
majors. I can even appreciate it for the non-science 
group, occasionally, but I fail to see wherein a continu- 
ation of such practices leads to anything but a distaste 
for physics on the part of the student. 


Almost any of our physics experiments could be made 
a potential source from which to develop the scientific 
attitude, and the scientific method. Notice that I say 
potential source. The trouble in the past has been that 
these potentially rich sources have been so formalized 
that the student fails to stumble over the procedures. 
Oh, yes, he fills in tables already worked out for him. 
He calculates results asked for by formulas which are 
given. But under this system the student becomes a 
mere automaton, manipulating many gadgets, with 
which, if he exercises care, he is reasonably sure to 
obtain some numbers which by substituting in a formula 
and solving will net him an A grade. Scientific attitude? 
Well, it might have been. 


Many of us have felt that laboratory physics can and 
should make a much larger contribution to the student’s 
mental development. The ability to reason out the ex- 
perimental procedure from the general theory, plan the 
kind of measurements needed, select the proper compu- 
tations, and draw the logical inferences needed to verify 
the purpose for which the experiment was undertaken, 
are important outcomes that should be realized from 
the study of laboratory physics. After setting up the 
purpose for an experiment, and making some sugges- 
tions as to possible types of apparatus to use, we ought 
to permit—within certain limits, of course—the student 
to plan his own experiment. 


Naturally, such a method will increase the burden on 
the teacher in charge. Frequent consultations and con- 
ferences with the instructor become essential. Quick 
access to reference material must also be provided. But 
under this plan, laboratory physics would exemplify 
learning in its very best form. 

There are apparently two ways to develop these de- 
sirable outcomes. One, the cook-book method, is a fast 
way; the other is the thinking method. The first will 
probably insure more information, although I doubt its 
effectiveness in helping to develop the outcomes. The 
second is decidedly the more difficult way, but it is the 
only way that I know of by which to be fairly certain 
that the scientific attitude will be acquired and continue 
to influence conduct throughout the student’s life. @ 
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Continued from Page Sixteen 


ments made. Prof. Wilhelm Prandtl (7), of Munich, 
in reviewing the evidence given seems unwilling to be 
convinced. In his discussion of the work of Harris, Hop- 
kins and Yntema, he is unable to attach any importance 
to the new absorption bands in the absorption spectra, 
considers the strange lines in the are spectra as insig- 
nificant, and criticizes the X-ray analysis because a 
vacuum spectrograph was not used and because no 
effort was made to reproduce the plate. Later he states 
that Rolla and Fernandes evidently had not read his 
criticism of the work done by the Americans and criti- 
cizes their lack of X-ray data. He goes on further to 
say that Meyer, Schumacher and Kotowski used a prep- 
aration which was too much of a mixture, hence get- 
ting lines which could be attributed to 61, and doubts 
that they could have obtained any evidence of element 
61 if they had used a pure preparation. Prof. Prandtl 
himself has made a very careful search for several 
years for element 61, but all of his results have been 
negative. From this he concluded that either the ele- 
ment did not exist or that if it did, it was not a mem- 
ber of the rare earth group. More recently Prandtl has 
stated that element number 61 is a homologue of man- 
ganese. He reaches his conclusion in this way. If the 
atomic number of element 43, masurium or eka-man- 
ganese, is increased by 18 the result is 61. In other 
words, if the nuclear charge of element 43 is increased 
by 18 charges, the resulting element would have a 
nuclear charge of 61. Accordingly we may interpret 
Prof. Prandtl’s idea as meaning that if the elements 
of atomic number 57, 58, 59, 60 and 61 are arranged 
in groups III, IV, V, VI and VII respectively, instead 
of being placed in group III, as is the common practice, 
then it will be observed that element number 61 will 
fall below manganese. For this reason Prandtl insists 
that element 61 is not a rare earth and should be found 
in manganese material. This idea of placing the rare 
earths in various groups may be carried to completion 
by distributing, successively, the elements of atomic 
number 62 to 69 through groups I-VII, inclusive, and 
elements 69-71 in groups I-III. This arrangement brings 
hafnium (72) in its proper place in group IV, and 
rhenium (75) below manganese. The difficulty with this 
arrangement is that. the rare earths are placed in 
groups where, with a few exceptions, they do not agree 
with the other elements of the group in either chemical 
or physical properties. Also, the characteristic family 
relations which are shown in the various groups would 
be broken up by this arrangement. This idea, also, is 
not entirely in accord with the Moseley law which indi- 
cates that element 61 should occupy the position be- 
tween neodymium and samarium. Prandtl evidently has 
not seen the publication by James, Cork and Fogg since 
he does not criticize it. 

Auer von Welsbach (8) quotes Prandtl’s work, and 
cites from his own experience in working upon cerite, 
that there can not be such an element as illinium in 
the rare earth group. 
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Herzfinkiel (9), in a review article on the elements 
43, 61, 75, 85, and 87, declares that the evidence sub- 
mitted by the various experimenters can not be con- 
sidered as sufficient to prove the existence of element 61. 

Dr. W. A. Noyes has summarized briefly the data 
of Harris, Hopkins and Yntema, and of Rolla and 
Fernandes, and concludes that the priority for the dis- 
covery belongs to the American chemists who were the 
first to publish to the world proof of the existence of 
the new element, illinium. 

G. V. Hevesy (10) has reviewed the evidence sub- 
mitted and seems to have accepted the fact that the 
element has been discovered. He also points out the 
fact that X-rays are essential in the analysis for un- 
discovered elements. He gives credit to the American 
chemists Harris, Hopkins and Yntema for the discovery 
of the element. 

Druce and Bligh (11) in their respective articles on 
discovered and missing elements recognize the fact that 
element 61, illinium, has been proven to exist. 

At the time of the writing of this paper, the status 
of the work on the new element is as mentioned above. 
There seems to be no question but that the actual 
existence of the element has been proven, since several 
independent observers have secured unmistakable evi- 
dence of its presence. 


Addendum by Professor Hopkins 


During recent years the work on illinium has been 
carried on steadily but progress has been slow. Its 
basicity as compared with that of other members of 
the rare earth group has been determined by means of 
the nitrite precipitation method. It is intermediate in 
basicity between neodymium and samarium. This means 
that all methods of separation which depend upon its 
relative strength as a base will be of little value in 
effecting a separation of this element from its vastly 
more abundant neighbors. 

Efforts to obtain a high concentration of illinium 
have not been eminently successful. In addition to the 
difficulties encountered in locating the element and in 
separating it from other members of the rare earth 
group, it now appears that we are facing another and 
perhaps the most difficult problem of all, namely, the 
permanence of this very rare element. This, of course, 
is intimately associated with the studies of the natural 
radioactivity of the rare earths. It is now generally 
accepted that samarium is radioactive giving off alpha 
particles. If this is true then the disintegration prod- 
uct would be an isotope of neodymium. There is good 
reason for believing that neodymium is also radioactive, 
yielding a slow stream of beta particles. The evidence 
is not wholly conclusive as yet, but at least it seems 
reasonable. If neodymium is beta radioactive then its 
disintegration product would be illinium, and illinium 
would quite likely also evolve beta particles. Several 
workers have reported a surprisingly intense radio- 
activity between neodymium and samarium. This has 
been interpreted as signifying that illinium is intense- 
ly radioactive and, therefore, with a short half-life 
period. If this supposition can be shown to be true it 
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will mean that the disintegration of neodymium pro- 
duces a small amount of illinium, which promptly dis- 
integrates yielding an isotope of samarium. This would 
indicate that the amount of illinium in existence is al- 
ways small. Therefore, it may never be possible to ob- 
tain a high concentration of this element. 

Some workers have declared that illinium must be 
radioactive. However, before this conclusion is accepted 


The Finest of 


MERCURIAL 
BAROMETERS 


finally it must be recalled that if any actinium is pres- 
ent in rare earth materials, it will upon fractional 
crystallization concentrate in the neodymium-samarium 
region. Therefore, before the actual radioactivity of 
illinium is accepted, it must be shown that the phenom- 
enon is not due to actinium or thorium or other radio. 
active substances. @ 
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CHICAGO MEETS AGAIN 


At a meeting of the progressive Chicago Catholic 
Science Teachers Association held on December 27, 1938, 
at the St. George High School, Chicago, the following 
officers were elected: President, Brother H. Charles, 
F.M.C., St. Mary’s College, Winona, Minn.; Vice Presi- 
dent, Sister Anthony, S.C.C., Mallinckrodt High School, 
Wilmette, Ill.; Secretary-Treasurer, Brother Norbert 
A. Kramer, S.M., St. Michael Central High School, 
Chicago. 

An important address on “The correlation of religion 
and science in the teaching of science’’ was made at 
the morning session by Sister Mary Andrew, S.S.N.D., 
St. Michael High School, Chicago. Round Table discus- 
sions followed the reading of a number of papers be- 
fore the three sections of the group. We hope to be 
able to publish some of these papers later. The thirteen 
papers that were read before the meetings during the 
year 1937-38 have been published in mimeographed form 
as the first volume of the Proceedings of the Association. 


Substantial 
Durable 
Accurate 


long life of de- 
pendable accuracy—is provided 
by the ruggedly-constructed adjust- 
able mercury well. This patented 
feature—found only on Cenco ba- 
rometers — consists of a heavy 
molded glass reservoir operating in 
a housing of molded bakelite. This 
construction eliminates the insub- 
stantial, leaky chamois leather bag 
—the cause of failure of the Fortin 
type of barometer. In addition, it 
promotes accuracy of setting of the 
base index to the lower mercury 
level, because of the clear vision 
and adequate entrance of outside 
light. 

The Cenco Mercurial Barometer 
stays new for a greater period of 
time, because the oxidized brass 
protecting tube and special metal 
scales and verniers do not corrode. 
These materials cost more—but not 
much more—than other less dur- 
able materials, but their use makes 
this barometer worth more—much 
more — than instruments costing 
just a little less. 

Accuracy is imparted by a new 
and more effective vacuum process 
of filling ; by the all metal case, hav- 
ing uniform thermal expansion, as 
compared to the irregular expan- 
sion of wood backs; and the at- 
tached thermometer, which aids in 
applying temperature corrections. 


76890—$22.50 


CENTRAL SCIENTIFIC COMPANY, 


SCIENTIFIC LABORATORY 
INSTRUMENTS PARATUS 


1700 IRVING PARK BOULEVARD, CHICAGO, ILL. 


TWENTY-ONE 


© 
| 32 
me 
— 
” = 
= 
” 
4 
2s 
63 
42 
© 
|. 
= 
| 
| 
| 
76890 


Why Teach Science? 


Continued from Page Twelve 


subject, par excellence, for that purpose. Let the scien- 
tific method have a fair and broad-gauge trial. It is 
certainly true that “to cause the scientific method to 
become a part of the bone and sinew of the boys and 
girls who throng our high schools so as to influence their 
manifold activities throughout their lives would be to 
create within a few generations a new moral and intel- 
lectual world.” Henry Suzzalo, when President of the 
Univ. of Washington, once said: 


“The classroom dedicated to science should carry 
two standards side by side—freedom to think and 
no freedom to think slovenly or dishonestly. This 
is real intellectual liberty —freedom to think 
under logical law, much like political liberty, 
freedom to do as you please so long as law is 
obeyed. In this way the stock of new and old 
truth, which is the final basis of human agree- 
ment in any cooperation whether it be a democ- 
racy or a business, will be guaranteed.” 


There is another great objective for all teachers, 
therefore no less for science teachers. Assume that the 
scientific method does accomplish all that we hope from 
it, that by it are developed honesty, integrity, sound 
thinking, the exaltation of truth. That is not all of life, 
unless human beings are to become scientific automa- 
tons. What of appreciation, of imagination, of a dis- 
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With increased enrollment, larger 
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schools that install Kewaunee Furni 
ture find both students and instruc 
tors doing better work. With this 
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Every convenience 
Design that makes class work easier— 
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No wonder better schools everywhere 
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criminating sense of fine values, of manners and cour- 
tesy, in short—of emotional reactions to rhythm and 
to beauty? Can a true culture exist without cherishing 
the avenues leading eventally to a philosophy of life? 


Julian Huxley puts this so well that I must quote 
a few sentences from his Essays in Popular Science. 


“There are those to whom truth is the final 
goddess ... But there can be a bondage to truth, 
and until we are free there is no perfection. The 
escape of thought from imperfections of the 
actual into a thought-organized ideal is Art; its 
projection, dragging present action with it into 
a more perfect future is true religion .. . Only 
when we combine our search for verifiable truth 
with these utmost aspirations do we become per- 
fect men. That is why the “mere” scientist is not 
great; that is why art or literature without the 
passion for truth is trivial and empty. The 
true man would be he who was always combin- 
ing in every activity this whole hierarchy of 
mutually reinforcing modes of mind.” 

There is danger, doubtless, of the idealist being 
called an aesthete; of being considered weak or 
sentimental. But what of it? Where would the 
philosophers of the world be if they first felt the 
pulse of public opinion before making up their 
minds? The popular mind trails; it is ultra-con- 
servative without knowing it, and cruel to dis- 
senters without caring. Leaders do not consult 
the mob for directions and inspiration. They will 
find none. Then give your best to pupils, know- 
ing that in all probability, if pupils are not given 
in school, concepts that enlarge and enrich life, 
they are not likely ever to be receptive to such 
concepts. Can we not teach so as “to offer at 
least one additional item of value for a richer 
life at each lesson; to broaden the pupil’s concept 
of the world; to put over to each pupil the unity 
and wonder of life; to feel that law and order 
are laws of the universe; to appreciate the beauty 
and wonder of the universe”. 


What more is there of value in life than sound think- 
ing and deep appreciation, the two objectives I have 
been extolling. @ 


STUDENT MEMBERSHIPS 


The NATIONAL ASSOCIATION OF AUDUBON SOCIETIES 
again offers membership privileges to boys and girls of 
school age. Groups of at least ten children each may 
form Junior Audubon Clubs. 

Every member receives an attractive bird button and 
six four-page leaflets with color plate and outline draw- 
ing to be filled in. 


All clubs get NEWs ON THE WING, the Junior Audubon 
Clubs’ own newspaper. In addition, clubs of twenty-five 
or more members receive during the school year, a free 
subscription to Birp-Lorg, the official bi-monthly publi- 
cation of the NATIONAL ASSOCIATION OF AUDUBON SOCIE- 
TIES. Membership in the Junior Audubon Clubs costs 
each child only ten cents a year. 


Teachers and leaders may obtain from the NATIONAL 
ASSOCIATION OF AUDUBON SOCIETIES educational pamph- 
lets, charts, books, slides and motion pictures dealing 
with birds and animals and the conservation of our 
country’s natural resources. Price lists will be sent on 
request. Write to: THE NATIONAL ASSOCIATION OF AUDU- 
BON SOcIeTIES, 1006 Fifth Avenue, New York, N. Y. 
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Collecting Fossils 
Continued from Page Five 


ittle tongue), in allusion to its shape. Lingula is one 
if the longest-lived genera known. It is found in even 
iider rocks, and still lives in the seas to-day. The great 
range of this little genus of shells is ascribed to its 
having remained primitive and unspecialized, and to its 
adaptability to a changing environment. 

The pelecypods, or clams, are less abundant. Usually 
their shells have been dissolved away, and they are 
apparent as casts or molds. Still more rare are the 
cephalopods, shelled octopus-relatives. The least rare of 
these is one shaped like a long, gradually tapering cone 
with conspicuous annulations. 

The Rochester shale, the next to the highest forma- 
tion in Niagara Gorge, is the most fossiliferous. Its 
most abundant fossils are the Bryozoa, or moss animals. 
The Bryozoa lived in colonies. Each individual animal 
was almost microscopic in size, but countless thousands 
often lived in a single colony and like corals united in 
the production of a common skeleton. These stony skele- 
tons assumed many interesting shapes; some were 
slender and branching, others were squat and spread- 
ing, globular, or lens-shaped. Some grew into flattened 
fronds, while others encrusted shells or other objects. 
Like their apparently dissimilar relatives, the brachio 
pods, they are, not distantly, related to the worms. 

The collector’s prizes are the trilobites and the crin- 
vids. Trilobites, extinct many millions of years, were 
crab-relatives. They owe their name toe the fact that 
their jointed bodies were divided longitudinally into 
three divisions or lobes. Some of them had the ability 
to roll themselves into a ball, like our modern pill bugs. 
While some of the Niagara trilobites attained a length 
of six or eight inches, most of them did not exceed two 
inches. The jointed nature of their bodies caused them 
to become easily broken up after their death, and a 
complete specimen is a great prize. The usual find is 
a disassociated head or tail piece. In spite of the little 
museum which boasted two skulls of Washington, one 
as a boy, the other as a man, such a duplication among 
vertebrates is inconceivable. The trilobites, however, 
like other arthropods, periodically shed their “skin,” 
and it is not altogether unlikely that the same collec- 
tion may contain more than one specimen of the same 
individual trilobite! 

Because of their resemblance to plants, crinoids are 
known as “sea lilies.”” Their relative most familiar to us 
is the starfish, and indeed for purposes of a thumb- 
nail description they may be likened to an upside-down 
starfish, usually attached to the seabottom by means 
of a long slender stem. The crinoid’s body is usually 
globular and covered with an armor of fitting polygonal 
plates. Depending on the species, a varying number of 
arms, which may branch, surmount the body or cup 
which contains the viscera. The lower end of the stem 
may branch into a rootlike appendage with which the 
crinoid anchors itself. The stem is made up of a stack 
of small dises, something like a tall stack of coins, 
often with a star-shaped hole in the center. Upon a 
crinoid’s death the leathery skin with which it is cov- 
ered disintegrates, and usually the plates of the “cup” 
and the joints of the stem fall apart. In ancient times 
crinoids must have been enormously abundant because 
their fragmentary remains sometimes make up exten- 
sive deposits of rock called crinoidal limestone. Under 
exceptional circumstances, which include rapid burial 


and an absence of strong currents, crinoids are some- 
times preserved in their entirety, when they become 
one of the collector’s choicest finds. Fine crinoids are 
among the most beautiful of fossils. Western New York 
has yielded many, particularly in the Rochester shale 
at Lockport during work on the Erie Canal. 

Let us leave Niagara and go a few miles south to 
Buffalo, where the highest Silurian strata are found. 
One of these beds, known as the Bertie waterlime, con- 
tains Buffalo’s most famous fossils .. . the Eurypterids. 
The Eurypterids (broad-wings), which became extinct 
with the trilobites, resemble huge scorpions. They were 
the giants of their day. I'ragments have been found of 
individuals which would have been nearly nine feet in 
length! During the operation of quarries in North 
Buffalo at about the turn of the century many hun- 
dreds of these interesting fossils were found and were 
distributed to museums the world over. The largest 
and finest collections of them are now housed in the 
Buffalo Museum of Science and the New York State 
Museum. Sadly enough, these quarries are being filled 
in, and Buffalo’s day as an eurypterid-producing local- 
ity is past. 

Among the best indicators of our ancient tropical 
climate are the corals. To see them at their best, let 
us visit the old quarries at Williamsville, near Buffalo, 
where a reef of Devonian age is exposed. The floor of 
the quarry is littered with corals of all shapes and 
sizes, from threadlike stems to giant colonies many feet 
in diameter. The honeycomb coral’s cells, once occupied 
by living coral animals, resemble the hexagonal cells 
of a bee’s honeycomb. The similarity is heightened when 
we break a piece and see brown petroleum oozing out. 
Other corals are shaped like vases, goat’s horns, or 
cups. Truly an embarassing richness of fossils, and the 
temptation is great to fill our collecting kits with more 
than we can carry. 

The fossils of the Devonian rocks do not differ in 
general from those of the Silurian, as described from 
the Niagara Gorge. Genera and species differ, to be 
sure, but the classes remain the same, with the princi- 
pal exception of the introduction of many fish and fish- 
like creatures in the Devonian. 

The rich Middle Devonian shales lie to the south and 
to the east of Buffalo. exposures are plentiful in the 
many streams of the area, which flow across these 
strata. The most famous collecting spot is Eighteen 
Mile Creek and the adjacent shores of Lake Erie which 
have become a classic section to students of Devonian 
geology. 

The most formidable creatures of Devonian times 
were the giant armored “fish,” monsters of fifteen or 
more feet in length. While they soon became extinct, 
leaving no descendants, their bony remains are still 
preserved in some of the local upper Devonian strata. 
One of the most fearsome of these was Dinichthys, the 
“Terrible Fish.” His remains are rare, and finds usually 
consist of single, or scattered bones, but a few years 
ago two collectors were rewarded by the find of the 
nearly complete skull and armor. In spite of the rela- 
tive abundance here of various types of fish compared 
to their occurrence elsewhere, few of the local collectors 
have them in their collections. The reasons are largely 
that they usually occur in otherwise nearly barren, 
little-collected formations; the bones are usually scat- 
tered; they are extremely brittle and hard to collect; 
and they are difficult for most amateurs to recognize in 
the field and to prepare and identify in the laboratory. 
One local collector is a notable exception. His finds in- 
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clude many undescribed fish remains, and his collection 
totals over a thousand specimens—a superb monument 
to prodigous effort and almost oriental patience! His 
latest finds are three nearly complete, apparently new, 
giant-armored fish and the petrified skin and shagreen 
of a shark. 

As in most other human pursuits, the most desirable 
is the most rare. It seems a perversity of nature that 
we most desire that which is the most difficult to obtain, 
but it is to this quirk that we owe a debt of grateful- 
ness for the enthusiasm which drives men to new 
discoveries. @ 


The Habits of Ants 


Continued from Page Seven 
the water. Not once did the misused sister strike back. 
Others became interested in the procedure, and in turn 
tried to throw their sister overboard; they finally suc- 
ceeded. Why did an act that began in charity end in 
sororicide? A dead ant is a defilement of the nest and 
like all defilement must be thrown overboard; charity 
and duty were in conflict and duty won. 


EMOTIONAL LIFE 


From a magazine article I culled this precious bit of 
information. 


“One ant, a handsome queen, showed by her 
grief for her dead husband that little ant hearts 
can break. From their first courtship days these 
two had been unusually affectionate. If he neg- 
lected her for too long, she would flick him coyly 
with one of her antennae. After a hundred days 


of happy wedlock, he died. The grief of the dumb 
little insect was pitiful. She flicked him. She 
stood with lowered head over his body. She ran 
and brought her twenty eggs and piled them 
about him. When his body was removed, she ran 
distractedly here and there. Seven ants of her 
own species were given her for company, but she 
tore them to shreds, as if she suspected them of 
complicity in the death of her consort.” 

Apart from the fact that the queen sets up house- 
keeping alone while the mate is left out in the cold to 
languish and die, and this supposed husband was prob- 
ably her son removed with her from a large colony; 
and apart from the fact that the seven intended com- 
panions, even though they were members of her own 
species would invariably be killed unless they were also 
members of her own colony, it is a touching story. 

The following observation began as a touching story 
but the denouement was cruel. A dead queen was 
brought out of the nest and one or two workers re- 
mained at her side during the greater part of two days. 
Occasionally they seemed to be caressing her with their 
antennae. A very edifying death watch. But closer in- 
spection on the third day revealed that the dead queen 
was minus the greater part of her thorax. Shortly after- 
wards the loving attendants severed the queen’s head 
from her body, and one of them carried it about as if 
in triumph, for several hours. It may have been a 
death watch, but the queen personally supplied the 
usual refreshments. 

On one occasion I raised the glass roof of a closed 
observation nest to wet the sponge which provided the 
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necessary humidity to the nest. The irritated ants 
rushed to the attack, and in lowering the glass I un- 
knowingly caught the heads of two soldiers between 
the glass and the frame. Returning three hours later 
I discovered the two helpless victims, and at the same 
time witnessed a startling performance. Some of the 
ants were attempting to pull the victims free, pausing 
at times to caress them and lick them; others were 
biting away the wood of the frame around the heads of 
the captives. By dint of several hours of strenuous 
labor the ants freed the unfortunate ones, but in pieces. 
They had cut off the abdomen of one and the abdomen 
and thorax of the other; and by cutting away the edge 
of the frame to a depth of about an eighth of an inch 
they managed to free the heads. The dismembered 
bodies were disposed of in the kitchen midden. Had I 
witnessed an attempted rescue, or just another ex- 
ample of the kitchen midden habit? 

Nevertheless, I wholeheartedly subscribe to the con- 
clusions reached by those master myrmecologists Forel, 
Wasmann and Wheeler that ants “show unequivocal 
signs of possessing both feelings and impulses”, that 
“they experience both anger and fear, both affection 


and aversion, elation and depression in a simple ‘blind’ 


form, that is, without anything like the complex psy- 
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chical accompaniment which these emotions arouse in 


” 


us. 
. INTELLIGENCE OF ANTS 


The behavior of ants is not stereotyped. It can be 
varied and adapted to the needs of the individual and 
the exigencies of the environment, and it can be modi- 
fied by the previous experience of the individual. Such 
plastic or modifiable behavior is considered by many 
as essentially intelligent activity; hence, in their esti- 
mation, ants are capable of intelligent acts. 

But if we confine intelligent behavior to acts which 
are the result of thought processes or reasoning, and 
in which the end or purpose of the acts is known and 
serves as a motive for the acts, then there is no evi- 
dence of intelligent behavior on the part of the ants. 


CONCLUSION 


“No other group of animals presents such a 
maze of fascinating problems to the biologist, 
psychologist and sociologist. It will suffice to 
mention the unrivalled material which they pre- 
sent for the study of variation and geographical 
distribution, both from the taxonomic and ex- 
perimental standpoints, the extraordinary phe- 
nomena of polymorphism (castes), partheno- 
genesis and sex determination; the wonderful 
cases of parasitism and symbiosis, and last, but 
not least, the great importance of these insects 
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in the problems of instinct and intelligence. Add 
to all this the great facility with which they may 
be obtained in all localities, and, owing to their 
remarkable adaptability, the ease with which they 
ean be kept for long periods in artificial nests, 
and it becomes a matter of surprise that they 
have ittracted so few students” (Wheeler, 1926). 


Wheeler also gives complete directions for collecting 
ants and for building observation nests. ©@ 
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SCIENCE CONFERENCE 

Duquesne University’s seventh annual Conference for 
teachers of science in Catholic high schools was held on 
the campus on Saturday, February 25, 1939. The Most 
Reverend Hugh C. Boyle, Bishop of Pittsburgh, greeted 
the large group of visitors, many of whom had come 
from considerable distances. The Reverend Paul E. 
Campbell, superintendent of parish schools, and the 
Very Reverend J. J. Callahan, C.S.Sp., president of Du- 
quesne University, made addresses of welcome. Dr. 
Hugh C. Muldoon presided. 

At the morning session Dr. Charles G. King of the 
University of Pittsburgh, discoverer of vitamin C, dis- 
cussed “Vitamin C.” Reverend Edward J. Wenstrup, 
O.S.B., Ph.D., of St. Vincent College, Latrobe, Pa., spoke 
on “Some recent trends in genetics.” William L. Eiken- 
berry, Se.D., head of the department of science of the 
State Teachers College, Trenton, N. J., chose as his sub- 
ject “Science as an adventure.” 

Demonstrations in the teaching of chemistry were 
given by Sister M. Cletus, I.H.M., St. Mary of the 
Mount high school, Pittsburgh. The demonstration in 
biology was conducted by Sister Mary Ida, S.N.D., 
Notre Dame Academy, Cleveland, O., who brought with 
her a class of twenty-four pupils to aid in the work. 
Dr. George E. Davis, professor of physics, Duquesne 
University, gave teaching demonstrations in physics. 

Sister Mary Florence, S.S.J., Annunciation High 
School, Pittsburgh, led the Round Table discussion deal- 
ing with common difficulties in the teaching of chem- 
istry. Sister Mary Anina, R.S.M., St. Mary’s high 
school, Pittsburgh, acted as leader in the biology Round 
Table. Dr. Robert T. Hance, guest graduate professor 
of biology at the University, presided. Sister Mary 
Eudes, S.C., of St. Joseph Academy, Greensburg, led 
the discussion in the physics Round Table. 
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